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S.An Analyss of Firings of Rolled Homogeneous Armor

Submitted under Specification AMOS-I

OBJECCT

The examination of data resulting from the ballistic testing of
rolled homogeneous armor submitted unuer Specification ANOS-I with a
view toward facilitating the procurement of high quality aircraft
armor through a more realistic approach to the specification of
ballistic requir,4ments.

SUW4A.RY

The merits of current ballistic limit criteria are contrasted
with tae merits of a lethal limit criterion.

The mechanisms by which penetration of armor is effected by a
projectile are reviewed and the effects of hardness &ad plate obli-
quity (30*) noted. 0

It is suirgested that stipulation of some of the ballistic
requirements of Specification ANOS-I has been made without consideration
of certain phenomena associated with the mechanisms of penetration.

It is suggested that a more realistic approach to the specification S
of ballistic requirements for aircraft armor will be facilitated by the
recognition of the following contentions:

1. The criterion of plate quality should be based upon the
resistance to lethal penetration as a more accurate measutre of plate
efficiency than either the Army or Navy limit criteria. S

2. Tests at cbliquities to determine resistance to penetration
utilizing projectiles which break up or shatter upon impact should be
"discontinued as ar inspection device.

3, Tests for resistance to penetration -herein the ratio of S
plate-thickness to projectile-diameter is less than 0.8 should be
disoontinuec since protection is not offered under these conditions
at combat ranges and the best performance under these greatly over-
matching projectile conditions is not compatible with the optimum
resistance to matching projectiles.
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4., Tents for resistance to penetration on a single piote at
any one obliquity with more than one type of projectile should be

Sdi acon t Inued.

5. The proximity of the explosive charge to the plate in tests
to determine the resistance of armor to .I. shook should be rigidly
controlled.

S6. The criterion of failure under a projeotile-t-rough-plate
test at obliquity should be the disclosure of laherent spalling
tendencies and not the dimension of the exit Aiaaeter.

7. The criterlan of failure under a projeotile-throuih-plita
test at normal incidence mW- properly be the dimensies-of the exit
diameter, but assurance must be made that the *jacket effects attenidant
at high velocities is avoided.

9. The use of an overmatching projectile In the projectile-
through-plate test should be advantageous.

Junior &Cloeer

APPROVED:

H. H. ZORNIG.,
Colonel, Ord. Dept.,

- Director of Laboratory.
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INTRODUJCTI ON

Considerable difficulty has been experienced by producers ofairorafI armor in meeting the ballistic requiremeats of Specification
AROS-1. In earlier work it has been suggested that some of these
requirements have been stipulated without consideration of certain
phenomena associated with the mechanisms of psaetration.2

The present report is an expansion of the earlier contention andin presenting much more data affords a basis for a more realistic approach
to the specification of ballistic requirements for aircraft armor.

TEST PROOMIMB '
Inasmuch as the testing of armor submitted under Specification

A1O6-I proceeds from day to day, it has been necessary to confine
arbitrarily the inclusion of data in this report to those available
at the time this study wa& initiated.

It was decided to collate data on the resistance to lethal pene-
tration of aircraft armor. Since at normal inoidence there was nodetermination of Olethal limit* and inasmuch as there is substantial
agreement between Navy limit and 'lethal limits in the machinable range
of hardness, the data at normal are derived from tests conducted underthe Navy criterion. For this reason, the data coneerning armor of hard-
ness in excess of the machinable range may be dcep tive in that they are
higher than the real "lethal limits" of armor of this hardness.

At obliquities, the data on plates throughout the entire range of
hardness covered represent the lethal limits.

RESULTS

All the data available are set forth in Tables I to X of Appendix 3.Summarized according to graduated ranges of hardness, these data are
tabulated in Tables II and III and grauhically represented in Figures
3 to 9 and 10 to 13.

These figures show the depenjence, at different levels of hardness,of (F), the Thompson Coefficient,) and the ratio of plate-thlcknoss to
projectile-caliber (e/d) corrected for weight increase necessary to shisld
a unit area normal to the line of fire (e/d 0e1 0) and the relationship
of those plots to the requirements of the epeciflcation.

Figures 14 and 15 have been drawn on the basis of the curves in-
dicat•-€ by the data plotted in Figures 3 to 9 and 10 to 13 respectively.

Firuee 2 and 9 rnpresent the values of 1'7 re4 ired by Spec. AOS-1.
s- page 4 Limit Criteria'.

1. Army-Navy leo. for Holopeneous Armor for Aircraft. ANOS-i. 12/2, I1/12.
2. W.A. 47-.5/,/69(r), 4/1 4• See Appendix A.
3. The Thompson Coefficiemt (Fi, a measure of the penetration efficiency

of armuor, is determined from the folloviag:

a V2 cos 2 e
e dz

where- M squale the weliht of the projectile (core) in pounds. V is
the l1mit velocity in feet per second, e In the angle of obliquity,
e is the thicknes, of the plate In feet. and j is the diameter of
the projectile (core) in feet.

-3ý-



DISCUSSION

(F I. Ballistlc Limit Criteria

Fundamental to any discussion of ballistic performance is a
consideration of the criterion by which plate failure is to be
judged.

The criterion oil failure which has been traditional to the
* testing of armor under the auspices of the Army is such a penetra-

tion of the plate by the projectile as will cause an opening on the
rear of the plate sufficient to allow the passage of a beam of light.)

The Navy, on the other hand, has traditionally required that the
projectile completely perforate the, plate and, in addition, remain
intact, 5 if the plate is to be judged a failure.

For some time there has been considered at this Arsenal a third
criterion which has been called the Lethal Limit. In essence, a
plate fails by this criterion when the impact of the projectile
causes any fragment of the plate or of the projectile to fly from

• the rear of the plate with potential lethality.

Proponents of the Army criterion and of the Na•, criterion have
long argued the merits of their respective preferences. There Is
something to be said in favor of each of these criteria.

The Army limit is without peer as to ease of determination. A
novice in proof technique can accurately iudge failure by this standard
from the very beginning, On the other hand. having determined the
ballistic limit by this criterion, has he learned anything of signi-
ficance?

If he is interested in the performance of armor which is apt to
be attacked frequently with lead-ball projectiles, in addition to
armor-piercing projectiles, he may well want to know the incident
velocity at which impact by ax. armor-piercing projectile will so affect
the armor as to permit the lead-splash of ensuing ball-projectile im-
pacts to penetrate. Prom the application of this criterion he may

0 determine that velocity.

Otherwise, th.'d standard provides information of little real
significance.
4, Armor Plate Proof Techniqae, Prepared for the Guidance (of) Armor

Plate Proof Officers by Arms and Ammunition Division, Proof Dept.,
0 Aberdeen Proving Ground, Maryland, lh December 1940. Page 2,

5, The Penetration of Homogeneous Light Armor by Jacketed Projectiles
at Normal Obliquity. U. S. Naval Proving Ground, tshlgron, Va.
Report ho. 14- 43 . X July 1943. Page 2.
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It is sometimes urged, however, thMt the use of the Army limit
provides a factor of safety In that it affords a margin between the
ballistic limit so determined and the velocity at which death-dealing
fragments are detached, so that armor d-signed to resist complete pene-
tration according to this criterion at a certain velocity will protect
againat lethal penetration at a velocity a given percentage higher.
But this is a dangerous presumption, inasmuch as this margin is very
variable and often non-existant--for example, when plate failure occurs
through shear (punching), the Army limit can be realized only through
the release of death-dealing fragments. Since shear failure is

characteristic of the penetratibn of under-matching plaýes, plrtes of
nign hardness, and plates at obliquity to the line of fire, the circunm-
stances may be infrequent when a margin exists between Army limit- and
Lethal Limit.

SThe Navy criterion likewise is very well adapted to particular uses.
In the sphere of naval ordnance, where the proficiency of a projectile
is measured not by its ability to incapacitate personnel merely, but
rather by its ability to incapacitate, substantially, an entire section
of a vessel through a hiph order detonation, armor does not fail uness
it allows itself to be perforated by an intact projectile. In such an g

application. the Navy criterion is a realistic one. However, its trans-
lation into the realm of small-arms projectiles Is difficu.lt to condone,

In considering armor for aircraft it must be recognized that the
incapacitation of personnel may well result in the loss of the aircraft.
Thus, a criterion by which armor may be deemed passable under an impact
which cauispq death-dealing fragments to be released from the rear of the
plate im not a suitable standard by which to judge the ballistic effi-
ciancy of aircraft armor. Such a criterion, however, is established
when a Navy ballistic limit or puch a alight modification of it as is
defined in Specification ANOS-1g is prtscribed.

Figure 1 shows the fragments of plate and projectile which flew off
the rear of a 3/i" rolled homogeneous aircraft armor plate (MN 4•h4)
under normal impact at various velocities with oal. .50 AP M2 projectiles.
While it took an incident velocity of 1555 feet-per-second (deliverable
at a range of 1250 yds. by a gun with muzzle velocity of 2900 feet-per-second)
to produce a complete penetration according to the Navy criterion. and a
velocity of 14, f/s (deliverable at 1325 yards) to produce a complete
penetration under the criterion established in Specification ANOS-l, an
inciaent velocity of 1230 f/s (deliverable at 1700 yards) was sufficient
to detach lethal fragments from the rear of the plate.

At obliquity, the difference is much more pronounced. When steel
armor plate is installed at an angle in excess ef 200 it has been found
t, be virtuAlly !rpossiblp for a emall arms projectile of current pro-
duction to perforate it and remain intact sond undeformed. 7 Thus, data
7. Sp~c- AN0S-l-, -,~Tdescribes a penetration as couplete "when the

oullet core parses completely throueh and falls behind the plate"
TIe stipulation, characteristic of the Navy criterion, that the
projectile remain intact and undeformed has been omitted.

7. W A ReEort No. 710/466 "Armocr Plate - An Analyies of Yirings of
1i. , A.Po Ambunition against Homogeneous Armor Plate#. Zoner.ZoNovember 19 2•.
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on Navy ballistic limits at such obliquitieswdeberv'e careful scrutiny.
During a test of a series of plates (nominal thickness - 5/16") sub-
mitted for development under Specification ANOS-I, ballistic limits

at 300 obliquity according to the Specification criterion and according
to a Lethal Limit criterion were determined. 8 The results are summarized
in Table I. The minimum difference between the ballistic limits according

to the two criteria was 327 feet-per-second. The maximum difference was
127g feet-per-second, and the average 771 feet-per-second. This repre-
sents an average difference of 900 yards in the ranges at which the two
effects may be produced. The table also indicates that an armored plane
may be lethally vulnerable at a range more than twice as great as its

vulnerability range according to the specification criterion. This may
well represent the difference between the pilot's bringing his own
armament into play or not.

In attempting the procurement of aircraft armor, therefore, the
Lethal Limit. so-called, merits consideration. The Proving Center,
Aberdeen Proving Ground, adopting a very realistic attitude in deter-
mining the resistance to penetration, at 30' obliquity, of armor sub-
mitted under Specification ANOS-I, has, in effect, determined a lethal
limit by placing a thickness of duralumin a fixed distarce behind the
test plate and calling penetration complete when the duralumin has been
pierced by fragments resulting from projectile impact. The Naval Research
Laboratory has long recognized the inapplicability of the Navy limit
criterion to work with small arms projectiles, 9 but the Naval Proving
Grounds at Dahlgren, Virginia, apparently* have not entirely relinquished
use of that standard in the testing of light armor.

At normal incidence, in the hardness range where plates fall in a
ductile manner (and this range is equivalent, roughly, to the so-called
machinable range, which has an approximate upper limit at BEN 375) the
Lei-hal Limit and the Navy limit generally coincide. Otherwise, the
Navy limits are realized at velocities variably in excess of lethal
limits. Thus the determination of the Navy limit of an aircraft armor
plate furnishes little information of significance as to the real pro-
tection afforded by the armor unless a maximum hardness limit is es-
tablished and testing confined. to normal incidence.

Since it is reasonable to be interested in the lethal limit of
aircraft armor, it should also be reasonable to specify a criterion by
which this lethal limit may be determined, The specification of a Navy
criterion does not accomplish this end, and although the Army criterion
might be utilized by ignoring the illusion that a margin exists between
the Army limit and the Lethal Limit (for example, by considering the Army
limit identical with the Lethal limit), a more logical step would seem
to be the goecification of a lethal limit criterion. Then a real margin

"*See reference 4, footnote page •4.

co 0o0. 4705/14389. Homogeneous Aircraft Armor Development Plates.
6 may l143.

9. Navy Dept. Ileventh Partial Report on Light Armor, Naval Research
Laboratory, 0-2069. 19 May 1943, page 4.
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of s&~fety cn,,lC be assured by considr-rinf, fur design purposes, the
C" protection. bfliorded by r, given thicý-r.#-FF Of PIl~tO to be A certair

p('rcft-u!gF c;wer th&.n the- lf-thal limit rpecified as a roquisite. to
acceptan~ce.

Y. zhanismrr. of ArmorI-enetrratl-.n

* A conr.idortktior, of the me'chc.-ziss b~4Aebt~ &rwor Mr.3y be perfcreated
mn .lf bkŽ vernane to the presfint disciisrion.

There are two extre?-,e t-per ef mechrai: ic~in by means~ of which aror
rnay be~ -erfrtc4i Inpme cc.~cr, tyt~e of perforaticr, to accomplished
by tý.e! pro,lect~he's plastically pusI.Ir (.idJe the plate rmateriz.l ir its
patb u,;t1i. a hole has been formed uafficie-%t to ellou Its pa~saa&- thrcu!gh,
This mecharnism. irubstartiolly, Is cl'aracteristlc of the perforation, at
rnormal of armo.r of u hardness withiii the machinable rajige by
a arp-rici;-C. non-deformin rroje.:tilrs.

Tlim ctYer extreme is chyiact-ýIsal by the plate's failure in shear
*along a :rl~niric~qJ surface per~penliý!:,Lar to t~ie plate's e.arfface re-

&u_1tin% in~ tne releose of a nearly cvlIndrl-al plugr from the path of thle
pro~jer-tile. tus. failltAtizn the project'.le'u prorress through the pla&te,
'L~si tta the qzhanism by mearm *of whý5-i a fllat-nosed projectile perforates,
an unaaratcntn,,' plate at normal in,ýIdeno'a.

:)nli in tY.e deql.ýn, cou.it nhest-treatment and hard~ness
0`~ tý- fir 31-'ItI., varitx 'ne!r il the coiipas~t~om, haat-treatment, hardniess
and Ao.'n iJr.'-;'S nf the Ar'~v'r, variatllorni in the, ratio of plate.- tiicknies~ to
pro.'e-tile-ao.amoter or va-lations in th.e obliquity of incidence will
pro~'17e Jif~ri co!'b.1ntior.' of themse two basic moachanimois

* ~ ~ onliqutvt, Imnpact of sm~ail arms projectiles of current design and
ma~yn fact ure with aircr~fG Anrmor plet'. 'C!Vita generally in at combination
In whic-e initial !!tae'.' of pprfý,ratli~r. are reached 1%Y a riasteti puishing
aside of Material and reventual norforpotlon In acooinpiiehed through the
fail-ire of the plate in, shear.

* At I.riil¶clitinco, th~ e nerr~ilt-ýnr f andermatchinp platp by
s-t;ne~dpro,:lectiles is accomplisehed by a similar sequencm of mnchanismij,

Tile F-en~ficance of 0b." rin tian ism by which failure lot -rought about
will beq tr&Lutea litter itn tnis report.

*4,ýn zal *rr Acejpr!ýen tat ion of Data

A ~lz ~ w'r.z /a on.,oles comparisons to be made among pllttes
()f vari ous t.'e' 'ai fthe protection a: 1oraIed by it'LnL

We.?MOf &L-Vfrnrrm. ia .~1t ~ao~ ta tite line of fire, ana
~ . tipf-t !ýlw.c "c/*T> ec&,r. Iuw of Armor Peastrikt i,,n. Second

ParF~1tial ýreport. C Zener end i. !tersort. K AY 1A43~
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nleo allovs an insight into the mechantsms of penetration characteristic
cj.f ,iffi-r-nt values of the ratio cf plate-thicfrnesc to projectilf.-d'ameter

Thua, at normal incidence, a plot of F values baved on penetrations
a purely plastic p shiLn-aside of material of constant physical

properties from the path of a non-deforming bullet,m'ould resalt in a
horizontal line %here, at all valueF of P/d, F would be constant. 1 1

Again, at normal incidence, penetrations resulting from failure of
tl't platt bý" pure shear would rive F values which would fall in a steep
•xve sl•'pirg shrurply downward ao e/d drcreasod. 1 2

Since, in practice, pmretre•tor. of current airereft armor by
cuxreut small-Arms pro ectilnn at norwal incidence is never effected
completely by either one of the tuo babic pure mechanismsr, a plot of
em~i:lce2 values of F reoultrmt fror varying combinations of the two
could be erpected to fall alone a gradual curve tangent at its extremities
to the afrent1-r'd plots. Since the height of the horizontal line and
the glopp "nd lateral placement of the stten curve are dependent on

* narInEqF, so elso would be the ePnirlcal curve.

At obliquity, the Ltnivernolt-v of breakage of current small arms
prcje:-tils tends to obscure the mfchsni.m of penetration, but eventual
failure in @hesr is apparent at much higher values of e/d than at normal
inciduncc,

A, pl:t of empirical values of "F" determined on steel armor plate
at obliquity charactqriatical]y tendE toward the horlont&tl at values
of e/d which are in excess of a certain critical value which appears to
be an inverse function of hardness. Below this critical value, F decreases
in tle gf-nera] direction of the origin. Thur., due to the inverse influ-
t-nee of L.ardr.ess on the critical, the slope of F at lower values of e/d
is =cri steeper in the nicher hardr.egn levels.

IV. The Reguirements of the Secification

A plot of the values of F required for the various values of e/d A
at r~orm&.l iriciaence and at "01 obliquity is presented in Figures 2 and 9
respectIvely a"d reproduced as a dotted line in figures 3 to 8 and
10 t c 13 respectively. The substantial agreemant between the -raluee of
1' ruqu/reu uxiier impact of cal. .30 AP M2 and cal. .50 Ar- X2 projectiles
Is notable, but sound. ]

f1 " h Rallistic Propertiec of Mild Steel, Inoluding Preliminary Tests
of Armor Steel and Dural". National Defense Research Committee Report
A-i 1.Prue'ress Report. 20 November l142. Appendix A, page 47.

12. IbId, nage 49.

* -8-.
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Plots of the values of F determined on the basis of lethal limits
at normal incidence are presented in the order of increasing levels of
plate hardness in Figuree 3 to g and similar plots based on data at 30. .
obliquity appear in Figures 10 to 13.

It is customary in the development of a specification for armor
to procure typical samples of material, to submit them to tests with
the type of projectiles against which they may be expected to be emplaced
in nervice, and, on the basis of these preliminary tests, to stipulate
ballistic limits which must be equalled or exceeded if production armor
is to be deemed acceptable.

In certain circumstances, (for example, in the stipulation of Army
ballistic limits where, over the range of e/d usually subject to test,
the limit velocity is substantially a linear function of e/d), the do-
termination of the ballistic limits of the sample plates at a few values4 of e/d can become a reliable basis for interpolation and extrapolation.
However, when a Navy ballistic limit or a lethal limit is to be specified,
no such short-cut is reliably available.

Comparison of the graphs drawn from the specification with those
based on empirical data leads to the suspicion that the lower end of
the specification graphs were determined by extrapolation.

At normal incidence the error is not so evident Lecause even at
the lowest values of e/d specified the drop in the value of F which
characterizes the predominance of a shear failure in the mechanism of
penetration has only begun to assert itself. However, at 30' obliquity.
the characteristic slope of I toward the origin begins at a higher value
of e/d and. consequently, the disagreement between the specification and
empirical data is inevitable.

V. effect of Hardness on Resistance to Lethal Penetration 0

A. Normal Incidence

Figures 3 to 9, based on the empirical data recited in Table II.
show the effect of hardness upon the abilitye of armor to meet the re-
nistance requirements of Specification ANOS-I under impact at normal
incidence.

At no hardnass level can the requirements for resistance to
penetration by both cal. .30 AP M2 and cal. .50 AP X2 projectiles be
met at all values of e/d, although armor in the hardness range B"J 346-385
substantially satisfies the specification requirements at all except the
lower values of e/d where, it is suspected, the requirements may have been
poorly evaluated. At hardnesses below this level resistance to penetration
by both projectiles increases with BHN.

0 0 0 S 0 0 0 0 0 0 0 0 0



At hardnesses above this level the resistance to penetration
of armor by cal. .30 AP M2 projectiles continues to increase whereas
its resistance to cal. o50 AP M2 projectiles penetration tends to
decrease. The precise reason for this divergence is not yet apparent.
However, it would seem to be traceable to some inherent difference
between the two projectiles with respect to resistance to deformation
and shatter.

Figure 14, based on the plots in Figures 3 to 9, graphically

demonstrates the dependence of the lethal limit upon plate hardness,
The substantially constant differential between the limit values for
the two projectiles (in the lower hardness range) is attributable to
the difference in the ratios of weight to the cube of the diameter of
the two types. (Note the agreement of F values determined by calo •30
AP M2 and Cal. .50 AP M2 projectile penetration in Figures 3 to 6°)

B. Obliquity - 301

Figures 10 to 13, based on the empirical data, recited in
Table III, show the effect of hardness on the ability of armor to meet
the requirements of Specification ANOS-1 under impact at 300 obliquity.

At only the highest hardness level (BIMT in excess of 425)
can the requirements for resistance be met at all values of e/d tested
and, even at this hardness level, extrapolation of the graph raises a
question as to whether armor of the lowest e/d covered in the specifi-
cation would have passed had any been tested in this hardness range.

At all values of e/d increasing hardness improved resistance
to penetration at this obliquity. At all levels of hardness, projectile
breakage was observed. Since increasing hardness would tend to influence
inversely the depth of penetration effected prior to breakage the results
are intelligible.

Figure 15, baged on the plots in Figures 10 to 13, graphically
demonstrates the substantially linear relationship between hardness and
limit velocity.

VI. Realistic Specification of Resistance Requirements

In light of the above discussion it is apparent that a measure of
realism should be introduced into the specification of resistance re-
quirements under ANOS-I.

Fundamentally, the stipulation of a lethal limit criterion, or a
reasonably exact facsimile, should be made, Thus a firm basis for the
utilivation of armor procured under this specification will be established.

-lO



Next, the testing of a single plate for resistance to penetra-

tion by two types of projectiles at one obliquity should be discontinued.
The divergent behavior of plates under impact of different projc=tIlee5
as illustrated in Figures 7, 5, and 14 discourages armor manufacturers

and disillusion* them as to the competency of the specification. On

the basis of the data in this and similar studies, requirements may be

set up that will assure that plate which passes such standards under
impact of one type of projectile will provide satisfactory resistance
to the other type of projectile.

From the present data it appears that tests with a cal. .50 AP M2

projectile will substantially predict the minimum resistance to a
cal. .30 AP M2 projectile at all levels of hardness whereas tests with
the cul- .30 AP M2 projectile will enable prediction of the resistance

to cal. .50 penetration only when the armor is of & hardness less than

BHN 385, approximately. Since neither projectile should be used when
e/d in lees than 0.5 (because this is apparently the ratio below which
uhear failure predominates in the mechanism of penetration, use
Figures 5 to 7), plates less than 0o35 inchew in thickness would ne-

cessarily have to be tested with cal. .30 AP M2 projectiles. In such
a case, a limit on hardness would insure a higher degree of predictability
of the plateis resistance to cal. .50 AP 92 projectile penetration.

Furthermore, the testing of light armor at obliquity on the basis

of resistance to penetration should be discontinuod as an inspection
device. The factor of projectile breakage lenads to such a test an

aspect of futility. 0

Study of the composition, heat-treatmeant, structure and physical
properties of armor which will beat withstand attack at various service
obliquities, not merely by the current service projectiles, but also
the beet projectiles producible should be the subject of Ordnance

Department activity. The tendency toward reduced proof te9ting, now •
apparent, should be exploited to this end and the predictability of
the resistance of armor to penetration by the best projectiles at
obliquity from the data at normal incidence investigated. In no other
way will the acceptance of armor subject to attack from more than a
single angle be justified. e
VII. Effect of Hardness on Resistance to H.B. Penetration

A survey of the results of tests with 20 MR4 B.Z. projectiles at
20 cbliqaity shows no determinable correlation with hardness, Logically,

since failure of sound armor under this test is usually the result of
tensile stresses acting tangent to the rear plate surface generated by
the balging effected by the explosion of the H.E. charges, resistance
to failure should increase with tensile strength, and accordingly with
hardneds, until the reduced ductility inharent in the material of in-
creased hardness affects the character of the mechanism by which failure
occurs.

-ii-
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- �However, there is a vwarlbility in the test Itself which may

well affect the value of the results obtained. The log of only
11:30000 of a second in the explosion of the charge can result in
ea inc•ease Of 3/14 in the proximity of the charge to the plate at
the moment of explosion vhm the proeoctile it traveling at a rate
of 2000 f/s. Recent testal3 pointedly Illustrate the effect of
this change in proximity on the results of the..xploslon.

If the roaati4W of armer to suoh an attack Is of interest in
the prooursomt of material, and it may well be. a test whereby 'he
H.h. charge in exploded a fixed distance from the plate would be a
much more reasonable test. Under such conditions, the variability
would be largely confined to the plate and the results therefore
much more indiative of the resistance of the plate to this type
of attack. I

TI. ProJeotile-through-PlMte Tests

In earlier work at this Arsenall1 it was noticed that an
increase in the obliquttity of testing tended more adequately to
disclose inherent spalling tendencies in armor. Oouisoquently. a
proj eatile-through-plate test at obliquity was suggested by this
Arsenal.*

It was not contemplated that, at obliquity, a stringent
criterion of permissible exit diameter would be stipulated. Rather
was It intended that failure be based on the disclosure of spalling
tendenoies in the plate regardless of exit diameter. Apparently,
armor has been rejected, however, on' he basis of excessive exit
diameter in the absence of spelling. L
*See reference 2, footnote pagoe 3.

13. Aberdeen Proving Greoud, Xaryland. Second Memorandum Report
on Proving Qenter Project No. 2113. 6 tept. 1943. Photograph
#915•83. In these tests identloal TNT cylindrical sharges were
detonated 3/14 and lj* from the plate surface. While the
charge detonated 1*1 away was successfully withstood, the
charge detonated 3/14 nearer the plate surface blew a sixable
seotion out of the plate.

114. Vatertown Arsenal Report No. 710/456. Rolled Armor - Ballistic
Properties of Rolled aose-Hardened Armor and Rolled Homogeneous
Armor of Various Hardnesues at Normal Incidence and at Various
Obliquities. J. S.llivan. 28 Sept. 1942. Page 2,4.

15. Aberdeen Proving Ground Reports Ah802. A7805, A7960, :17918,
A7920, A8030.

-12-
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At obiqaityl, eait diaaetw may be & ftmotion of plate thiokness,
plate hardness, projectile breakage, and incident Oa.10 2Ims, this

r dimension is not altogether significant of the quality of the plate.

At normal iraidenas, projectile breakage arn incident yaw do
not affect this dimension critically and unusually lage exit diametere
more accurately indicate plate quality. Howver, opalling tendency
is loes sensitive to disclosure at normal incidence sad the test at
obliquity is to be preferred as a test of steel quality.

At velocities in excess of a critical, the jsckot of a small
arms projeoti~e Is not entireloy stripped' from the cere, but is Lolled
back into a tight ring vhioh hugs the core durig penetration.cm
When this occurs the *ise and mnerg of the jacket influence the
mechanism of penetration, and failure in shear is gesnated, a plug
approximately equal in diameter to the cumulative diameter of the
core and the rolloe-up jacket being knocked out of the path of the
projectile. lailure of this type naturally affects the sse of the
exit diameter mud tends to obscure the true quality, of the plate
material.

* " Therefore, the velocity of the projectile usno in this test AMt
be kept enough below this critical to insure the absence of the
jacket effect" and at the same time be smfficiently tbover the Navy

limit velocity to assuro a true projectileSthroigh-plate ties. In
order to achiev, this two-fold objective the utilization of a larger
caliber projectile in this test may be necessary.

16. V.A. Intraeffice Memorandum. 19 Augast 19V43. See oA~ppdix A.

17. Watertown Arsenal Rolled Armor Report No. 4., "pos of ?ailure
Ocourring in the Shock Test of 1/2' Jnmooenooum Armor with

* Gal. .50 AP Projectiles.@ N. A. Matthews. 6 May 1942.
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"SOMARYT 0 DISCUSSION

It is, therefore, suggested by the considerations above that a
more realistic approach to the specification of ballistic requirements
for aircraft armor may be facilitated by the recognition of the
following contentions:

1, The criterion of plate quality should be based upon the
g resistance to lethal penetration as a more accurate measure of plate

efficiency than either the Army or Navy limit criteria.

2. Tests at obliquities to determine resistance to penetration
utilizing projectiles which break up or &hatter upon impact should be
discontinued as an inspection device.

3. Tests for resistance to penetration wherein the ratio of
plate-thickness to projectile-diameter is lose than 0.8 should be
discontinued since protection is not offered under these conditions
at combat ranges and the best performance under these greatly over-
matching projectile conditions is not compatible with the optimua

4 resistance to matching projectiles.

4. Tents for resistance to penetration on a single plate at
any one obliquity with more than one type of projectile should be
discontinued. (If, in accordance with contention 3, above, the
Oal. .30 AP 2 projectile is used, an upper hardness limit should be
stipulated.)

5. The proximity of the explosive charge to the plate in tests
to determine the resistance of armor to H.E. shock should be rigidly
controlled.

* 6. The criterion of failure under a projectile-through-plate
test at obliquity should be the dieclosure of inherent spalling
tendencies and not the dimension of the exit diameter.

7. The criterion of failure under a projectile-through-plate
test at normal incidence may properly be the dimension of the exit
diameter, but assurance must be made that the 'Jacket effect"
attendant at high velocities is avoided.

S. The use of an overmatching projectile in the projectile-
through-plate test should be advantageous.

Finally it is urged that,wherever possible, non-ballistic
tests be used in the inspection of armor to the end that proof
facilities maiy be made available for development work with armor
and projectiles so that the behavior of armor under impact of various
projeotilm at various obliquities may be correlated with a single
ballistic test at normal or, perhaps, even a non-ballistic test and,
as a result, the stability of armor in service, under all sorts of
attack, may be assured from the results of that one test.

.- l04-.
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NOTE:

In the tabulati-on of data in this report, a/d 3 is
evaluated in terms of pounds per cubic foot, but, in order
to keep old dimensionless, both e and d, as used in the
latter ratio, are evaluated in terms of inches since • in
popularly evaluated in terms of inches.
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@ ct• 1 -'r• ,nt~q o" • • pne rrojectile t'hrown from the rear

cf a 3/9" homorereous prmor lfl4te of hardness BEN 4144
under impact cf cal. ý50 AP M2 projectiles of various
velocItzy at norrlal incidence. Illistrating that
,cat.-deaiina iratronts may b4 projected from the rear

of a h.mrogeneou.t pate et. velocities considerably less

than the Navy limit velozityo
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April 14, 1943
W.A. 470.5/6469(r)
Laboratory (NAM)

.$ubject; Analysis of Failures of Armor Plates Sub~mitted under
Specifica tion AYOS-l

To: Chief of 0rd-nance, U.S.A.
?enrt a;on :ui din g
Washington, D. C,

Attn; S07B

1. It has been noticed at this argenal that manufacturers
submltting armor ple-tes for test under Specification AýTCS-l have

had little or no success in fz-nlshin- passable plates at thick-nes3es

of 3/lb" and 5/ltE" whereas they have hql some success in providing

acceptable armor at the intermediate 1/4" gauge.

2. At firstt r-lance this fluctuation in result- tends to be

ruzzling, but upon further investigation and analysis an ex•_lanation
app e, r s.

SBy plotting the famlicxr 'IF" coefficient of Thompson versus
of e/d co r c 0 sre i1csigIht into the mechanism of armor perforation

mar.y , had. A typnical plot of these values based or. data frcm tests of
nroitic'n plate.s fired. at 300 in accordance with Specification AN1OS-1
is appended as Chart I,

lo It will be noted that beyond a certain critical value of
e/d ccos E the merit coefficient tends to remain fairly constant while
at ,,luef- le'S than the critical the merit coefficient falls off rapidly
az -j r-- 0r 09 •C r E a .;e-

5. Thf constancy of the "F" fPnction beyond a critical pcint
seems to indicate a mechanism of perforation wherein the projectile,
acting like a wedge, effects progress thrcah the metal by pushing it
asiaie. -ainst a steel of constant physical properties this type of
mech.nism vo.ld orod,1ce constant "Y" values.

6o 'io'e-er, in the region where tie merit coefficient fblls off
ran-a'iy thefre aprarentvy is operrtivk, a differert nechanism. Here
perfcr;•,cr app.'-,rr tc. bp effected by the plete's failurp in shear
because of tro neql-al contest betwecn oprmatching projectile and plate.

RESTRI CTED
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Thus, the greater the ratio of projectile caliber to plate gauge the
quicker shear failure (punching) will occur and a lower 'F$ value
will result.

7. This sequence of mechanisms is characteristic of all types
of steel in perforation although the exact course of a plot of OF'
coefficients is a function of the physical properties of the steel
and the obliquity of the test. Generally, with an increase in hardness,
the point indicative of the demarcation from mechanism to mechanism
will move from left to right on the chart and the level at which the
"F1" values tend to be constant will be higher. An increase in obliquity
will produce a similar effect.

8. A plot of the 'F" coefficient resultant from theoretical
samples of armor which would satisfy the requiromente of Specification
ANOS-1 when tested at 30" is imposed upon Chart I. It is apparent that p
no &llowence has been made for a change of mechanism below a critical
volue of o/d cos e. This is understandable inasmuch as the bulk of
ballistic testing is conducted under conditions where e/d cos 0 exceeds
the critical and testing undar the Army criterion does not reveal the
ohenomenon,

9. ~However a comparicon of the results with the requirements
indlcateo the improbability of producing acceptable plate with e/d coo 0
values less than that at which the performance curve cuts the require-
ment curve. Under the provisions of Specification ANOS-l, 3/16" plate
subject -d to Cal. .30 AP M2 firing at 300 and 5/16" plate subjected to
(,Ca!. AP M2 firing at 700 will have values of e/d cos 9 less than
the intcrsection value assuming a range of hardness comparable to that
of the plates now being fxrnished. Since l/.4' plate tested under this
specificntion Is subject to Cal. .30 AP k2 fire alone its e/d coo G
values are above the charecteristic critical.

10. In the light of paragraph 7. above, it will be realized that
the path of the performance curve may be altered by varying the hardness
of the armor. In this way, it may be contended, the demarcation point
between the mechanisms could be moved to the left by lowering the
hardness of the armor and that portion of the curve where 1F7 values
tend to be ,onntant would extend over thA e/d co .9 values of 3/16' and
5/16, plate. Thic argument is valid except that it ignores the fact
t.lat coincident with a lowering of plate hardness there is a lowering
of thp level at which the "F1 values flatten out. This resultant level
may well fall below the requirement level with the result that at all
values of e/d cos 0 the requirements could not be met. There is however
some possibility that this adjustment could be made, and if testing
weorr conducted at but one obliquity a solution might lie therein. P

-2-
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11. However, as obliquity is varied so also is the path of 0"1
values varied.. Asiuming that the peth of the performance curve at one
obliqudty waE satisfactorily adjusted to the requirement curve by

zmanipu-lating the hardness of the plates, the results of this manipu-
lation would be reflected in the path of the performance curve at a
second obliquity. There is sound basis for believing that the latter
curve would not readily align with its requirement curve. Indeed by

manipulation of the hardness levels amazing results W be obtained.
For example, it is possible for the performance curve at normal to
exceed the performance curve at 300 at certain valuee of e/d and at
certain lerels of hardness, resulting in a ballistic limit at normal
in excess of the obliquity limit. In an attempt to suit plate to
the requirements of the specification such results actually have been
rncorded. This otherwise mysterious behavior has bear attributed by

a bpwildered test personnel to poor plate quality or poor projectile
quali ty.

12. An analysis of the behavior of various types of steel in

perforation leads to thq conclusion that the porobability of producing
armor 7/16r, or 5/16" thick that will satisfy the current requirements 0
of Specification AYOS-- is so low that it is economically -anfeaeible
for a manuf,ý.cturer to attempt to do so.

13. Thus, if one expects to procure plate under this specification
the ballitic rpquiremente need immediate revision. Such a revision

must recognize the phenomenological indications of the performance 0
curves. Better yet a test requiring a reasonable pmetration resistance
at normal incidence with matching projectiles coupled with a high-speed
projectile-through-plate teet at obliquity would probably afford a
bptter criterion of the real quality of plate in the critical gauges

than any combination of resistance tests which could be devised.

For the Commanding Officer:

H. H. ZORNIG

Colonel, O.-dnance Dept. S
1 Incl. - Chart I Director of Iaboratory

cc - Office,Chief of Ordnance-STC-
Proving C2enter,
attn.1 Capt. M. J, Lweig

0
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0, 0 q/'l6 (r) Webster/glw
Attnr SPOTB P-300

WA 1;7( r/fr469 (r) let Ind!

War Deprtment, Ordnance Office, Washington, D, C_, June 5, 10913

To, Commanding Officer, Watertown Arsenal, Watertown, Mass,

1 The phenomenological condition pointed out in basic communica-tion is one of the two places for armor ballistic obliquity tests where 0
anomslous dispersion occurs. It has been brought to the attention of some
interested persons, The curve shown for 0--30* compares for the hard homo-
geneo'is armor very favorably with the similar curve for face-hardened
armor shown on Plate 5 of Report No. 171'5 (Eighth Partial Report on Light
Armor),, a copy of which is in the possession of the Laboratory, The curve
at normarl has a much more rapid rise to the crown near an e/d ratio of 0
unity, while the 7O-degree curve rises more slowly reaching unity at about
e/d equal to 1,19, This anomalous situation has been noted both by the
Navy and Army in past tmsts0

2, Changes in the specification AN-OS-I to facilitate production
testing- are to be made in acrcordance with letter sent to Watertown Labora-
tory under date of May 15, 19)9, file WA 114/12505o

3.- It is requested that the curve at 00 under the same conditions as
that for that at 30 be superimposed on Chart 1 and submitted with relevant
data,

By order of the Chief of Ordnance,

G, Elkins Knable S

CoIl, Ord, Dept,
Assis tant

1 Incl

w/,I r awn

• • • • • • • • • • • •
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Sullivari/ am

WAR DOARTMOT
WATRTOWN ARS&AL
WATERTOWN , MASS.

I NTEAOF ICE M (ORAN I

August 19, 1943

SFR0M: Mr. J. Y. Sullivan

TO Major N. A. Matthews

SLWJECT: Effect of Service Velocity Cal. .50 AP M2 Projectile Impact
upon Armor Plates of Different Thicknesses.

In the application of the Projectile-through-Plate test at
300 obliquity, recommended by this Arsenal at an earlier date, it was
not contemplated that the criterion of a two-caliber exit hole diameter
be adhered to. Rather was it envisioned that plate failure be based
on spalling tendencies revealed in the plate by such an obliquity teat.

A study of the results of firing the cal. .50 AP M2 projectile 0
through a 3/1" and a 1/2" plate at service velocity at this obliquity
reveals a tendency of the exit-hole dimension to be affected by the plate
gauge, and theoretical considerations indicate that plate hardness and
projectile yaw may also be factors affecting this dimension.

It was observed that at service velocity these plates (in the
hardness range BHn 340-z6o) failed in shear with the surfaces of shear
tendinp to follow a definite pattern. Considering the case where 30e
obliquity is effected by tilting the plate away from the gun by pivoting
it around its bottom edge a cross-section of the perforation would show
that the upper surface of shear tends to be parallel to the line of fire
and to align with the upper longitudinal surface of projectile in flight.
The lower shear surface tends to be perpendicular to the plate surface S
and to originate at the point of lowest contact between the projectile
and the plate.

Thus the rear dimension resulting from such a shear failure
would tend to increase with plate thickness, all other factors remaining
constant including the shear pattern. Plate hardness, which influences
projectile deflection and projectile yaw, by relocating the point of
lowest contact between projectile and plate surface, may also affect the
exit-bole dimension.

During recent firings at plates (3/1" and 1/20 thick) the major
elit-.hole dimensions were observed to be 3/l4 and 17/16" respectively.
The apoended sketch illustrates a shear pattern which might produce such
results,*

It is thorefore recommended that plates be failed under this
test on the basis of spalling and not on the basis of excessive exit-hole
dimension when the punching is clean and the structure of the steel is
otherwisA apparently sound.

"*This sketch has be'm re-drawn as Figure 16 of W.A. Report 710/7.93(this
, report),

COPY
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C~f `7 77T~ 3

AKrend ix B

T SLný!p~ry of Leth-al Limits (-)of Rolled Hrogp~neous Armor
of llrdn-ss L.,3s Thrn B'T 276 Fired at Co Ohliaiilty.

11 3wirtionry o f L etha). Limits (V-.) of Rolln-d Fomnorerecus Arn o r
of 1Hnrdne~ssBi-TN 27C to 305 Fired at 00 Obliquity.

III Summinry of Lethal LIMits (01) of Rolled. '"r iogeneous Armor
of :1'rrm5esq BMT, 30C, to 3145 Fired at 00 Ob5.icuity.

* V ~ ;~ yof Letba~l LimitF! (VL') of Ro'l-ed Fcmrpeneous Arm~or

:'f T~rr~no BE~ 34( o 25 Fired. at 00 Obliqu.ity.

v &imryutry of Le-thal Limits (VL) of Roll& Hnrnogeneous Armor
of Hardness BHiN 3,ý tlo 4-P Flrrd a' 00 Obl~iquity.

VI Sim-v.ary of Lpt~hel Limits (VL) of Rollrd Fnmogeneous Armor
-'2f Hari~h.ýss Grepter Tham MIT I425 Fired at 00 Obliquity,

ViI SL-mzarv -)f ll#-t~pi Ltrifte (VL) of Rolled M:omPogPnpous Armor
-,f rTh-,1iees Greater Than P'! 306 to 7149 Fired at 0Co Obliquity.

VIII Su7,r~ary )f Lta.Lixi.tz (V) off Ro' lpd Homoeneons Armnor
,-)f Hpr~reso; ý -Ft Ta~n 1': ý Vtr 'Yý5 Firf~d P.t 300 Oblloazitty.

1X L~r i.- teh~ :.it (X'L) of Rcnlleed Fniogeneoup. Armor
~ ~ t~-T-~~ ~ to 4b2; Fired-ý at 30' Obliquity.

X S r'erv :-f Lpti-h& Tirritr, (VL) of' Rc',opd Hnmrp neoiis Armor
! o ý'es-o qrp~tzer T-ar, 1~1 42j F~r~d at 10 Obliquity.

*0 0 0 0 0 0 0 0 0



4

2 ~I"'A *. 7~

T,:ble Sh t CoUimn 'Line Correction

IV 2 e 22 .393 for o3F2

IV e/d 1i 1,333 for 1i353

v VL 15 133 for 1399

V D Osta 9 4ý6 for 450

VII 1 C-1o 1) .30 for o50

VIII a ata 3C A6612 for 6r,12

VIII Data 31 A6612 for 6r12

Viii 3 e/d 35 1o305 for 130

VIII Data 7 14399 for 144•9

IX I. 12 o317 for o31%

IX 1 e/d 12 .740 for ,742

X I/d 25 1029 for 1.262

x 1 31 .3eo for .350

*i

4 S



Appndix B, T.ABLE I

S1nmry of Lpthal LimitR (VT) of Rolled Fomoyeneous Armor

of

Hardness Less Than BYN 26 Fired at 00 Obl4!Iutty

CaoI mL3 B__N 0_. e e/d. -Data Source

1275 241 0o 1464 .375 .875 W.A. 710/456

•50 1275 245 00 1)o7 .375 .o75 W.Ao 710/456

a°5o 1275 261 00 1748 .50 1.167 WoA. 710/456

5o0 1275 255 00 1%6 .629 1o)459 W.Ao 710/L56

.90 175 2(,9 00 2189 .790 1.750 W.A. 710o/456

.]50 1., 7- 0
271 00 2130 .750 1.790 W.A. 710/1450

0

*

* 0 0 0 0 0 S 0 0 • S 0 0 S S S
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A22epenix B, T.A•LE II

•'•S~urnar Lethal Limits VL) of Rolled Homogeneous Armor

of

Hprdne•sI 2?7C to 305 Fired at 00 Obltouity

_ S

C9l. mid_3  
_ _ e VdD_- e_ et Source

5 299/3C2 0° 1639 .2F o1i3g APo.- A5379

.T£ l?7r 292 o0 1770 *o. 1i1F7 W.A. 710/456

~5o 1275, j32 i°O •.0 °50 1o167 W.A, 710/4-56

°50 1275 302 00 1996 .625 1.459 '.A. 710/456

, 50 1275 302 0 2242 .75 1, 750 W.A, 710/456

10 1 3•0h 0° 2-50 .75 1.750 W.A. 710/456

-- S

I S

I 9. _ S , • . . .; .. . • • i • • . - " - ., -_ . - . . . . .



Am~en!I x B, TABLF IIT

~'~irr~f LŽ1 i~- Lrjtz (VT) of Rolled Fomo,-eneous Armor

of'
qveidnc.,- BT'17 30( to) 'ied at C0' liut

C~1Q~Li _____ Data SoUrce
.5c 1-75, 332/34c 0O 1237 .312 7S APGA69

* 50 1275 313 00 1301 213- .730 A.P.G, A59ES2
-50 1275; 340 00 1304 2315 .735 0,1) 4-70-5/14399
.;G IP75 341 c0  1323 710 .737 A.P.G. A67-7
20 1355 341 00 *h7 -1 .72 A.P J-, A6538

~50~?~ ~ O 0 3 LI ,P 17 777 -.?GA72
"5. 12~75 oL 00 1370 .3 .793 A,P,G. A'722

,50 1275 329 00 1522 .375 9~75 A. 710/4c~f
.50 12 P) Z Al 00 1472 .375 .87r; W.A- 710/1Lý6
,5c 1f75 09 741 -375 1 ID,,A 10L

* ý) 13955 40 0 1592 .26 1"057 A.?,G. AbQý5
230 1,3C;Cý 302/311 00 1(32 .27 1.09F A.P$,. A9779

.5 1?5 721/3t-3 00 17'9 .4q 1.144L APc~ 6L
5,D 1275, 721 00 1901 .50 1-1ý7 WA, 710O'L;.

~~~17 (7 *0 0 179 20 2,17 AoP.rC. AE(95
20 72~ 711i 0 1gill .509 148.S 0.0. 47,f/14399

12h 21~ 0 1~9 510 L1490 0.,0 470,`/1ý399
.5 3ý3/34 0 1~1 21 1O O .26ý- APGý AL-79
"20 1 35 5 31.3 00 1~9 311 1.272 AOPG, AIY1ý2

230 1395 40 0 1906 -377 1.394 A. P ,G. A)"22
.30 13rrý 0 11v9 .74 1. IFT AP.G. A()' "22

t01~ ?1/3 0~ L48 04~9 1.9ý42 A.P.FG. Ac ý,5
~0 1~ 340 on 2403 .50 2.033 A..P.G. A~iC'95

~30 13~ h 0 2593 509 P,069 0.0. 1 +70.yi43~9
3C 1355 321 0~ 2509 .510 2,073 0.0. ~47C,9tl43S9

0 ~17 731/ý41 0 P 417 .910 2. 1L4- 0.,% 470,5/14399

* S S 50 0 6 0 S 0 0 0 0 0 0 0 0



Apn,1L)x 13, ILE I V

Sumnmt~ry of ! 9 tine -LI ali t (VrfR dHomogeneous Armor

ofS

H-Prdne,-, B"N 34 to 395 Fired. At 0OC Oblippiitv

Cql I !WN __ VL c JeA ").tp Source
,~ .2 ~ 175 O 2 ,0 .70 A.FO. AK+71

.50 12 79 3 / & 3:? ,Q ,2 70S139?

'50 1275 7,75/395 0' 1-97 -312 .729 A.PJF, AC,179

.0 1700 13o4 ý 12 ,7-F A. PA, A6179
50o 1.2T -,r) ý,,2 0 0 124g 33 O3 .PG 55

v.30.3 1,533 0 1< ,i 730 A.F.G. A65957
1345 0o 12"ý9 IS ý732 A. 1. 5 Aoe5o4

,50 12-79 375/31757 00 1305 -3114 .733 A.PG. A5992

,50 1275 3'-3/375 00 12"(; -315 6735 A.P.G. A67P2

.50 1`7 5 3 75/ 3 00 217 , 316 ý77 A~POG. L6 72 2

,5r0 1275 37 3 00 1293 - 4 ,742 A, P . G A(722

-5C 1275 3715/397 00 1277 -319 .744- A,,PG A6722

OV)0 1.275 363/3sg c0 134h -32 ,747 AFOO A6612

* 5 12-79 149 Q 35r; v320 .747 A.P,G. Au' 01P

5(- 127h 3C,0/39S Co 1314 -2'- ,7- ,P(,A179

C) 1275 375/3-ýg U" I I2 .ý20 .7 4' AJA,O A6179

~5( 1275 3i/~~ J 1121 ,2 *~ AFG, 67

a ~36227/375 00 35 1320 ~747 AO A(17?2

'50 127h 171- 1ý7 Y)P .751 A.PG. A6722

2,~ 7 ~ 7 177 ,2 7,Th A. P, Arh722/13$

-50 1P75 )C. 1 .7 J?9' ,7(5 C.0. 4706 5/143S9

o 0 1355 3 3/ 3V 00 1.179 19 ý772 A..G A"701

,ýY-OO C. 3/0 00 1 399 .19 .772 A.P.O1, Ar701

.50 12'75 351/3(rf )O 1P.2,9 .1 .7717 0,0. )170.5/1)4399

r)0 l?75 7~~ 0 137 ."1 .796 00, i470.9/1~43 99

.90 12ý75 375 0~ 1357 .139 924 0~,O i470.5/147s9

* S S 0 0 0 0 0



_4epndix B, AK7T I V ((ý,)ThTID)

C r/ ___ 0 L e. Deta Snaire

? 7r jr7 1 7/7;,7 C 14 ý? ~3r0 0sl; O.C. l4,7f5/143g9

,< 12Th /375 00 2.4 91 GC~ 4 .PG A6701

7/7~C.
0  ~i 25`4~7 CýO, ý470,9/143Z9

c~ 30 1249,? 774

37, sh 3 oO1470,5/14399
,5K ~7 ~ 314 00 L~9 ,iY0 j A. P.G A095z

,50 127vh .($7 ?7 J7-7 A?,G,0 A5991

S C 1 b 3 605 1; 0 1472- ,372 ý 0 ,0, LL70 05/114 3 g9

5c P275 63 0 1505 3 75 -9 .75 C-0, [;170ý5/143~9

.90r 1'275 6 0~ 1512 775 t875 &C1 )47Q0 5/1)43 99

50 127 35 00 12 376 .877 C 0,0, 47C,5/1143s9
*,0 1275 31ý4/375ý oO 11479 7376 .977 0,0, 470-5/1)4399

.50) 1275z 3( c 12497 .57S9 .gS2 0.0. 1470-5/14~3 99

C~o 12-793h 00 1507 -37e -94 C0,0 -4'70ý5/1243eq

I -- 175 790 0~ 15"S 3Fr; .97 0,0 C) 170ý 5/1ý S9a 127F, 3A -Z q 0  12450 7~ 9~ ;;, z7,/14799

~5C 1217" )7/399 C' 12492 -390 .iF7 0.0, 470,,5/1L389
C~ý '1vT flrr~ 1r912 .j90 . 7 0o 47C,-5/124ig

C- ".9h 7(V35/ 00 15246 ,39 097 A.P(1, Ar236
* 0 I ~ 3924 00 1F124 i, ,g9a 0-. 1170-5/124399

1,-79 3')L//171 00 1946 -3? 92 94 0,0: L,70,,5/1243,99

50 12Th -)r2/ 3A3 00 1520 19L .996 0e, 14 70. r/124399
12Th 749 00i 12499 v05 3q' ?r !00 0,ý /141g9

* K 2'~ 0'~r1K7 Aqb 91 ,, lu.5/14 3g9
o 1"T 3 3  ~ ~ 1 7  .7(, .9214 r~c, k7o,912 3q

,:o ~ 3q24 0 V;0C4 ,2044 .992 AG 69
*19 10 13 00 152 1,0T A.P.G. A6992

* 3 ~~i3I 17/~ oý i~o~7 09,1 AO.P.L A6715
1P71)7r 00 i)ý4gC6 1.n4 ' 4",()-.,7/14399'

*11 f g F .9 1 Il AP f 1

o* 1( 0ý 0~ 0. A5950 0 * 0 0 9



Ai4.-,-n2i 3,~L IV (C: 7D

P __ 7_ T e_ - &- Diata Source

50 1375 375/ 35w, 0'0 193? 49c, 1.144 0,0ý L70.)/124 g99

,5 175 3fi4 00 1779ý ,140 1,151. I,0 45/i43g9

2% 275 Mh 7 ~0 174r,! 9 0ý15 0,ghý,/l

'5~ 79 300 1 _~1 i9 ~12 00 ,/1I4339

00 1275 375/ 17 00 17C9 49t' 1 1 5F 0,0. )170.5/11;390
1 27 9; 0~ 1F17 .4)'" r-6 00. L7-,5/147-g

IS 0 12Th F,, 491 s I 0 1-2. C. 00, - 70e5/1399

.50 1297, 375/S 00 1949 .50 1.6 00 47./14S
S12ý7 7,4 7r CI 1317 .492 1,172 0.0. 470,5/1143~9

,C 17' 4/~ IF' 179 502 1,172 o. c. 470-5/14-39
O ; 12 7 o 0 182 -,o0 11676 0,0., 4L70,5/147C-1

O 127rh 40/ .'5 00 192 9~00 11676 0,0. 470,5/111399

,50 12ýý75"' .3723 0 1f9 . 1-M 1.167 0,0, 470-5/14399
10 U7 C/364- 0' WO3ý .D23 1.179 0.0.~ 4rh70-/1S

i ;es1F , or' 1Th5 . 1,172 o,., A705/1,39

r3C 17/77 00 1950 .5o4 1,190 00. L70-5/1433'

1ýp 1/ 3~ 0'~ 193? ro4 L1760 0.0, 47o. 5/143R

5~0 175 3"/ V9 5~ 1 5i 1,20 0,0 470,'.5/1(43?
1 l-- 7/ C' 1-19S ý2 1-179 A.P.G. A",~'

I F 01) 1902 ~ 1ý1220 A,PF.G A('715

1~ ~ 1~17 3? 1.179r A.P,~. 3,Ar17

3-' 17%, 375/<?2 1F 1,.17) A.PG. A(-9a2
5c 1YY9 a Dl -ý 1.190 A, 70-5/4b34

S~~- 0r 0~r 7 0 0 0 0



-r--rr-r~y rrr~-.oD,. -Y d. - ~-gat .

t - 13- J7/3 ( 19*71 ~3,6 1. 2s A9.G A6722

3 5-1 0 g4 ~319 1.29) A.P.G. A6722

)0 1 75/317; 0) 1967 .319 1,,297 A.PG. A6722

"13295 3r313" 00 1909 232 1,301 A?. P. ý6612

13; 1249 00 1g9 6, 22 1.301 AFLA-- 6I;12

.3 17C1 -z' (0/39 00 190 9 220V 1-30-1 A. P UGG A61179

ý0 13~ 5": 5/39F 0' 192ý 220 1L301 A.P.G. A6179

'>3 3 ý75T 00 1102 ;'" 12701 A.PG. A6179

319 z: 7 ~ 7 732 17321 rOG ~
~~0>*17P .71 00 .s; 7;4 ()9 0.00. 7./14~

3 00 A 3ý13% 00 7o2/12
1ý -1':ýr 00 1 F, O ,329 1.321 0.,G. A"7 22/13~

3 Di/ 11 r03 133 1,30 0,0C. L-30.5/14190
~0 2.3L. .35 j,1~5 .0. L70,;/1L.IS9

43 0 •1`7 3`8 1

0 )) 129 125 A~, (~~~

C < ~~19 (3~75 00 111 28 1,2333 0,'). 211?O,5/114 389

lr'"o~ -5 ~?4 337 1.376 00 75/1,;45s9
ZC) 0 -It 5~90 0ý0,% L4705/124S99

~7 o~ ?(35 .3537 1.,C AP0.A9

0i- 0:l ,9 0., 71o5/)45( 9

005 ~ .0

3(, ~ 1/77 I.7 4-r-2 3 .O-jý170V5143~99

* z- 1 7' 717 00 A1~,, 2~2 .P.. A;70, 129

o'Th 00~g 3"~ .37 1,47ý 0,0,C h70-5/14 )F,19

77?O~.'0 1,90'' O 24700.5/14-499

c Z 0 0 005 0-0 0 40 0 0 01



rcerdix B, iABLT IV ( .....

00 CJ0

S... ... . '. .

c~. -,- Bi.1S l( •) _. ,',5,•,==4 1%=,. .•!,g 2 1"9F .90 1.51J9 0.0. 470.5/13•99

V;, /?gg cO' -. 1in -w) I.r,49 0 .0:. 470.5,'I14399

oc0 13 5 355/175 00 2QO•, M3 1,,945 A.P.G. A6236
o A 135 35h 00 204ý o3•? 1o553 0.0, 470.5/1491+9

70 1J 7 4/375 00 ?073 .T 1 953 0.0. 470.5/114379

,30 1i ,/, 00 2oO n4 q4 1o .o;t 0°0. 147o 5/114359
,-,N 135 • 00 2027 o 1,577 0.0. 470. 5 /14 3 99

20 1599 775/397 00 2172 .394 102 0.0, 470, 9/If 3g9
o20 1355 363/399 00 21L7  .395 1,C10 0.0. 470.5/11,389
oO9 1:775 3(3 C. L136 .750 1.750 W.Ao 710/4r56
90 1275 377 0 2272 .750 1.750 W.A. 710/456

775i •• 2L• o~4S; 1,976 0.o L.7o.5/14 3g9

50 1275 7T3/3-,V 00 2513 -82 ;P SS 0.0. -470o5/14389

30 ij555 •75/3S 00 21490 o490 o1992 0.0, 170.5/14 3s9
1110 1275 36,+ 00 2463 -8 5g 2.002 0.0. 4705/14389
•o i355 6,4 00 2L,46 .40 P.0014 0.0. 470,5/143S9

,33 1355 '75 0A 2561 o49'4 2.00; o0.. L7r.5/14389
50 "75 352/3G3 00 233 °g63 210114 0,0. ,705/143S9
135 33/3' 0° 2507 o496 2,01C 0.0, 470.5/14399

1355 -75/739 00 2597 o49 P2.016 n 1470.5/14399

f, 1i 7•ý 2/3(, 00 2535 -L,0i6 o,,. h70.5/1i099

0 L5 3•o oC 25-4 .4+98 £.02?4 0.0. 0 o.705/14399

2 , 59 77 5 / 397 o0 2492 .qm3 2,024 0. , 47o5/i439
I ' I i37,t7 2902 .4q? 2P.0 Co.0, L70. 5 !44AS9g

-, l25 7 14/M5 00 2539 9.9 2,026 %0.0 1,70o5/14389

,0 1.'5 • 0° 2527 .F70 ?.030 0.0,, 470,,r/1 3899

-u rý I•5h c,§/i 2aL9 .500 2.03 o .c 4+70,5/iIbS 9
o* 0 1< "•: Oo ?nLL: 500 2.O•3 0'o, 1470o5/l;43•9

o0 29i) ,500 2,03 0°0. 1470.5/14399

7," ,7 00 ?5o .= ?.o'l 0.0. L70. 5 /1L"A9

cr., i7W 364 00 25r-3 .g71 ?00 0.70 , ):0o5/14•39

* ,• •127 C7 i-h7 FY7F .0,35 0-.O r 7%o5/I%3S9

- 1L ; 75/1q% 00 2(28 .872 2,035 o0, 1.70, 5/14 389
10 ?0,70 ,,502 2.0O41 0.0. L,70,5/14369

* • • 0 S 0 0 0 6 0 0 0 S 0



Ip~r-.nllr B, TA3::r IV (CONTTD)

c-. /'I !31IN __ VL *~ e~ Data gource

S30 1355 3 3/3g 0' 25 0L o 02 2oO41 0-0- !'70.5/143.9

o30 135 375P97 00 25o ý5o,04 .0o49 o.o. 410.51P43ý9

0 u341,/375 00 ?5  r;QLý 2,0k 0.0. L,705/i43e9

1 o--135 36-3/358 00 2550 o50'. 2?09 0.0. 47To5/15+s9

.50 1275 375/3•7 00 2594 873 2.049 0,0, 470o5/1i479

5,% 1275 16 3/39 00 2538 FFO 209oO 0,0. 4 7 o05 /14 3S9
.. 0 P75 792/.A 00 2596 F&Co 2.054 0.0. 470,5/1i39

,T 3 250r .g4 2o3 0,0. 1 70.5/14399
:, 2 l275 3h-/7S9 0o 24•3  o9,ý 2.072 000 470o5/143y9

,0 1355 0 2i'37 , ,0 2o073 0o0 ; 70.5/C4635

9 20 2275 "575/3F7 no 2567 go90 2°077 0o0 47o05/14389

o20 1351 375/39 0C- 2574 o515 20093 0.0, T70.5/46i4

0 1,'75 •63/3,9 0 C, 2499 2.096 0,0. 470.5/14399

1Z-0 )27, x7r/; 7 0° 25" Q,900 2.100 0,0, 470.5/1039

355, 2567 o51.. 2,106 0.0. L7o59/46 3 4

`i5 375 00 2579 .52 2.114 AoP.G. A5649

20 1355 3g/;gg 00 2 :2 o520 2.114 A.P. G. A5•'8
@ o 17: 7 375/9 7 C"' 2527 0,22 2,152 .o0 470,.5/1) 3 S9

210 1-55 352 0 25,7 .530 2o154 A.P.1. A6612

0o

0 @ • • • • • • •

*- S



&ypejdix B. TOBLE V

"" Summary of Lethnl limits (IL) of Rolled Homogeneous Armcr

of

FL~rdnesa BPF 396 to 42.5 Fired at 00 Obliptuity

Cal, mLd3 BB , e .__. d Data SourCe

-50 1275 398/401 00) 1326 .30 .700 A.P.G. A6715
.50 1275 3 SP/4o1 00 1190 .31 .723 A.P.G. A5975

* .50 1275 402/441 00 1187 .31 .723 0.0. 470.5/14399
.50 1275 38/o401 00 1365 .31 .723 A.P.G. A6177

.50 1275 31//402 00 1295 ,31 .723 o.o0 47o-5/14399

.50 1275 38/1401 00 1287 .31 .723 AoP.G. A6179

.50 1275 358/401 00 1390 .313 .730 A.P.G. A5957

,50 1275 4ol. 00 1356 .313 .730 ,P.G. A5982

.30 1355 39/1401 00 1309 .-1 .732 A.P.G. A63146

. Ž 1275 401/415 00 1325 .3114 .733 0.0. 470.5/14399

.50 1275 415 00 1294 .314 .733 0.0. 470.5/11439

.50 1275 415 00 1315 .317 .7140 0.0. 4170.5/14389

.50 1275 o42/418 o0 13g6 .318 .7142 o.o. 47o0.5/44389

.50 1275 1o0 00 1302 .319 .7142 0.0. 4705/114399

.50 1275 39P/1401 00 1399 °320 .747 0.0. 470.5/14389

.50 1275 415 o0 1188 .322 .751 0.0. 470.5/14399

.50 1275 39/1429 00 1327 .323 .754 o.o. 470.5/14389

.50 1275 395 00 1209 .324 .756 A.P.G. A6722

.50 1275 402/419 00 1377 .325 °759 0.0. 470.5/11439

• .30 1355 398 00 1441 .19 .772 A.P.G. A6338

.30 1355 375/401 00 1379 .19 .772 A.P.G. A6338

.30 1355 388/401 00 11o46 .19 .772 A.P.G. A6345

.30 1355 385/401 00 1393 .19. .77z, . A.F.O A63146

-.30 1355 355/4l0 o0 1350 .19 .772 A.P.G. A6590

.30 1355 385 00 1414 .19 .772 A.P.G. L650
= 30 1355 355/1401 0° 11406 o19 °*772 L.P. G°A6580
.30 1355 3401 00 114.06 .19 .772 ALP.G. A6550

-* ,30 1355 401 0o0 1406 .19 .772 A.P.G. A6590

o30 1355 363/401 00 140 .20 .713 AP.G. A6150
.30 1355 363/401 00 1373 .20 .513 A.P.G. A6181

.30 1355 385/401 00 1466 .20 .813 A.P.G. A6192

* 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Aopendix B, TABLE V (CQNTID)

Cal o d BHN e VL_ e e DatA Source
~3C~35 145/115~ 1r5 20 81 A.P.Gr. A6097

Ao 1355 415/415 O0 1375 .20 .813 A.P.G, A6097

o30 1355 415/415 00 1402 .20 .g13 A.P.G. A6097
.50 1275 401/415 00 1325 .335 .836 0o0, 470.5/14389

°50 1275 1401 00 1355 .359 .838 000. 470,5/14389

.i5C,. 1275 387 0o 1460 .36 .s4o A.P.G. A6616

0 1275 I02 00 1485 .36 gog8 A.P.G. A66$7

40 1275 hop 00 1467 .36 .g4o A.?P.o A6687
o5G 1275 398/401 o0 1471 .36 .g4O A.PoG. A641o

.50 1275 388/1401 o0 1357 .36 .s40 AoP.G. A6045
,10 1275 393/h01 00 1407 .37 .863 O0.. 470.5/14389
j50 1275 41 0° I497 .37 .g63 L.P.G. A6337

r50 1275 39/1401 00 1510 .37 .963 AoP.G. A6701

.50 1275 387 00 1542 .37 .g63 AoP.G. A6616

.50 1275 402 00 1421 ,37 .863 A.P.G. A66sy

.90 1275 402 00 1469 .37 g863 A.P.G. A6687

r5o 1275 387/419 0' 1432 .372 gg o0., 470.5/14389
.50 1275 o0/1430 o0 1332 .374 ,73 0.0. 470.5/14389

.50 1275 415 00 1500 .376 .877 W.A. 710/456

.50 1275 387/402 00 1533 .376 .877 o.o. 470o5/14389
°50 1275 37/)429 00 1167 .377 so.O o.0. 470.5/14389
°50 1275 4o0/1415 00 1444 °379 .o92 O0o, 470.5/14389
.50 1275 397/418 00 1503 .390 .9g7 0.0. 47o05/14339
,50 1275 415 00 1318 ,380 o887 0.0. 470.5/14389

.50 127h 388 00 1524 .38 .887 A.P.G. A664g

.50 1275 394 00 1528 .38 ,997 A.F.G. A60o41

.50 1275 19/31401 00 1512 .39 .997 AP.Go. A6227
120 I•75 389/415 00 1L15 .39 .997 A.P.Go A(612

o•O 1275 4o2/4i4 00 1541 .3g4 .996 0.0. 470.5/14389
* 5 1275 399/41, 0' 1529 .381 9 o0,0 70.5/14389F

.50 1275 415 cO 1406 IF6 Qo91 0.0, 470o5/14389

ý50 1.775 389/415 00 11491 .386 .901 0.0. )470,~5/114389
.50 1275 402/418 00 13.3 .399 .905 0.o. 470o 5/iL5%

.,%0 1275 388/401 00 1489 .399 .905 o.o. h70.5/14389

0 0



"Avpendix B, TABL3 V (CONT'D)

Cal, Md 3  _Be__ _L e e Source

.50 1275 398 00 1532 .39 .910 A.FoG. A6553

o•O 1275 399/1;O1 0° 1597 239 o910 A.P.G. A6521
°50 1275 3P7/402 O0 1540 .39 '910 A.P.OG A6678

°50 1275 O2 00 i546 .39 .910 A.P. G. A6716
S°,50 1275 30T/0l1 0° 1!-07 .39 .910 0.0. 470T5/14389

°50 1277 399/101 00 1519 -396 .924 0.0. 470.5/14389
.5o 1.25 Lol oC 15142 .396 .924 0.0. 1470.5/14389

50 1275 O 0 1520 .396 .924 o.o. 470.5/14389

1 , 1275 7 00 1599 -400 .933 0.0. 470.5/14399
19/355 11/5 00 1673 .214 .976 A.P.G° A641c

o7C, 1359 •75/1401 00 1555 .P4 976 A°P°G° A66i2
.20 1355 398/1i 00 1705 .25 1.016 AP.G° A6451
2o0 135 q 40o. 0 1731 .25 1,016 A.P.G. A6239

7 20 13rr 78F/101 00 1667 .25 1.O16 AoP.G. A65,0?
.30 135 "415 o 1613 .256 1,o4o o.o. 470.5/114389

ý,0 ims 422 00 1579 .27' 1.099 AP.G. A6767
.30 1355 38/401 oO 1g87 .27 1.09g AP.G. A64989

230 1359 401 00 1714 .27 1,098 A.P-G. A6715
.30 135 3991L01 U° 1810 .27 1.098 A.P.G. A6176 -
.50 1217 391 00 1828 ,4S6 1134 0.0. 4705/14389
230 1355 388 O° 1792 .29 1.139 A.PG. A6280

.30 1355 389 00 1794 .28 1o138 A.P.G. A6281

"30 1355 38S/401 00 1818 .28 1.138 A.P.G. A6639
.30 1355 388 0° 1756 .2g 1.139 A.P.G. A.6639
o30 1355 3S9F/Cl1 00 1e5 .-S 1,138 AP.G. A5959

S.O 1355 -(3/1o1 C0  1709 .-3 1139 A.P.G. A5960
230 135 397 0" 1834 .290 1.138 A.P.G. AC090

• 20 1355 588 00 Ig56 .2g0 1,138 A.P.G° A6139
-30 1355 3914 00 1791 .290 1,138 AP•G, A611O0
.50 1275 36 0 15144 .496 1,158 0o° m 470,5/44389
,5o 1275 3•/4i5 00 1633 .498 1.162 U.0, 470.5/114399
.50 1275 00 1522 .500 1oi07 W.A. 710/456

°50 1275 102 00 1833 .500 1,167 0.0, 4+7o.5/14a89 1

.50 1275 389 0° 1822 .500 1,167 0.0, 470.5/14389

c 0

* 0 0 0 S 0 0 *00 0 0 0 0 0



k..ppndix B, TABLZ V (CO"'TD)

pj'O ml' 3  IBRN 0 L e -eld- Data Source
.50 1275 399 0 1849 .504 1.176 0.0. 470.5/14389
.90 1275 3A4 00 1772 .506 1.1g1 O.o. 470.5/143y9
.50 1275 igg/4ol 0O ls54 .506 .igl 0.0. O470.5/143]9
°50 1275 397 00 1953 o50 1,1gl 0.0o 470.5/14389

Si .50 1275 415 O0 ig6o .506 loll O.O. 470o5/143S9
.50 12 7 3S7/415 0° 1773 .507 1.13 0.0. 470. 5 /143g 9

50 1275 4ig 0° 1757 .510 1.190 0.00 O470.5/14389
°50 1275 4011415 00 1910 .510 1.190 0.0, 4705/14634
.50 1275 4Ol 0o i8s6 .510 1.190 0.0. 470.5/4634
.50 1275 387/11 00 194i4 .510 1o190 o.0. 470.5/14389

.50 1275 388/415 00 I168 .52 1.214 A.P.Go A6612
-30 1355 399/401 00 1999 .30 1.219 A.P.G. A6639
.30 1355 399/401 00 155 .30 1.219 A.P.Go A6715

* .30 1355 399/401 00 1912 .31 1.260 A.P.G. A5957
.30 1355 402/419 00 2094 .31 1.26o o.o. 470.5/11439
.30 1355 399i401 00 1918 .31 1.260 A.P.G. A6177
o30 1355 31/1402 0? 1963 .31 1.260 0.0. 470.5/14399
.30 1355 39/1401 CO 1876 .31 1.260 A.PoG. A6179

* .30 1355 38/1401 00 1938 .313 1.272 A.P.G. A5957
o30 1355 401 00 1973 .313 1,272 A.P.G. A5982

.30 1355 oo11/415 0o 1991 .314 1.276 0.0. 470o.5/1389

o30 13355 )ý15 0° 1953 .314 1.276 o.o. 470.5/14389

°30 1755 9 4ol ig099 .315 1.280 A.P.G. A6722
.0 1359 415 00 1950 .317 1.299 0.0. 470.5/11439
.30 1355 402/418 oO 2141 .319 1.293 3,0 9470.5/11389

.30 1355 1Ol 00 2018 o218 1.293 0.0. 470.5/ 1 43F9
* .30 1355 oI1/115 00 1947 .318 1.293 0,0. 470.5/14389

°30 1395 4Ol 00 196L .32 1.301 A.PoG. A6179

.30 1355 3lo/401 00 1991 ,3? 1.301 o.o. 470.5/11439

-O 1359 419 0 1995 ,322 1.309 0.0. 470.5A439
-.30 1355 38g/429 00 2096 .323 1,313 0.0. 470.5/14399
o 1355 )SF 0 1902 .324 1,317 A.P.G. A6722

.30 1359 1o02I*1 0' 1985 .3.5 1,321 o0o. 47o.5/14389

.30 1355 401/415 00 1991 .335 1362 0oO. 470.5/14389

• 0



A~pendix B, TABLE V (OONTID)

Cal. mLd3 BHN 0 VL e 9/d Data 8ouroe

.50 1275 409 00 2024 ,625 1.459 W.A. 710/456

.50 1275 015 00 1999 .625 1.145 W-A. 710/456

.30 1355 401 00 2056 .359 1.459 0.0. 470.5/14389

.30 1355 387 00 2099 .36 1.463 LP.G. A6616

.30 1355 402 00 2097 .36 1.463 A.P.Go A6687

.30 1355 402 00 2151 .36 1.463 A.P.G. A6697

.30 1355 38g/o01 00 2100 .36 1,463 A.P.G. A6410

.30 1355 38/h401 00 2100 .36 1,463 A.P.G. A6045

.30 3.355 393/401 00 2105 .37 1.54 0.0. 1470.5/11439

.30 1355 1401 00 2156 .37 1.504 A.P.G. A6337

.30 1355 388/401 00 2222 .37 1.5o4 A.P.G. A6701

.30 1355 387 00 2104 .37 1.504 A.P.G. A6616

.30 1355 402 0° 2137 .37 1.50o4 A.P.G. A6697

.30 1355 402 00 21o4 .37 1.5o4 A.P.G. A6697

,30 1355 397/41g 00 2277 .372 1,512 0.0. 470.5/14389

.30 1399 402/430 00 2142 .374 1.52o o.o. 1470.5/14399

.30 1355 387/402 00 2182 .376 1.528 o0o. 1470.5/14389

.30 1355 38/1429 00 2212 .377 1.533 o.o. 1470.5/14389

.30 1359 1•0l/415 00 2231 .378 1.536 0.0. 1470.5/14389

.30 1355 415 00 2210 .380 1.545 0m0. 1470.5/1•139

.30 1355 397/419 00 2100 .380 1.545 0.0. 470.5/11439

.30 1355 3S8 00 2082 .38 1.545 A.P.G. A66148

.30 1355 394 000 2153 .38 1.545 A.P.G. A60l

.30 1355 388/401 00 2234 .38 1.545 A.P.G. A6227

.30 1355 388/415 00 2119 .38 1.545 A.P.G. A6612

.30 1355 1O•/al5 0° 2158 .3814 1.561 0o0. 470.5/143y9

.30 1355 340/415 00 2135 .3s4 1,561 o.o. 1470.5/14389

.30 1355 3415 00 2235 .3s6 1,569 0.0. 470.5/14399

.30 1355 348/115 00 2235 .386 1.569 o.o. 470.5/11439

.30 1355 302/1415 00 2131 .396 1.577 0.0. O470.5/1i4359

.30 1355 39/1401 0° 2117 .389 1.577 0.0. ),70.5/14399

.30 1355 39 0o0 2129 .39 1.585 L.P.G. A6553

.30 1355 38/1401 00 22(2 .39 1i585 A.PQG. A6521

* 0 0* 0 0



Aopendix B, TABL.i1 V (CONTD.)

cal m/d23  B FN e VL 9/a.jL Data Source
.30 1355 357/402 00 2153 .39 1o ,5 A.P.G. A6679
.30 1355 397/419 0° 2136 .390 1.585 0.0. 470.5/14i39
.30 1355 402 00 2135 .39 1.595 A.P.G. A6716
.30 1355 388/401 00 2123 .396 1,610 0.0. 470.5/14399
.30 1355 401 00 2229 .396 1.610 0.0. 470-5/14389
.30 1355 4O1 0° 2338 .396 1.610 0.0. 470.5/143S9
.0 1355 387 00 2326 .4oo 1.626 0.0. 470.5/14Y9
-50 1275 398 00 2344 .7142 1.731 A.P.G. A6010
.50 1275 388 00 2318 .750 1.750 W.A. 710/450
.50 1275 383 00 2263 .750 1.750 W.A. 710/456
.30 1355 391 00 2541 .486 1.976 0.0. 470.5/14399
.30 1355 399 00 2491 .498 1.9914 AP.G, A6642
.50 1275 387 00 25L5 .952 1.988 0.0. 470.5/14389

* .50 1275 419 o0 26214 A864 2.o16 o.o. 4705/14399

.•30 1355 415 00 2640 .496 2.016 0.0. 470.5/14339

.30 1355 0 Q 2557 .496 2.016 o.o. 47o.5/11'399

.30 1355 388/415 00 2693 .498 2.024 0.0. 470o5/1439

.50 1275 422. 00 2669 .g69 2.026 0.0. 470.5/14389
S.50 1275 397/402 00 2ý30 .g68 2.026 0.0. h70.5/14389

.50 1275 363/14144 00 2649 .970 2.030 O.0. 470.5/14399

.50 1275 363/4-4L 00 2553 .870 2.030 o.o. T47o.5/14399

.70 1355 402 o 2559 .500 2.032 0.0. 470.5/111399

.°30 1355 390 00 2506 .500 2.032 o.o. 470.5/114389
.50 1275 397 O0 2572 .971 2.033 0.0. T70. 5 /iL 3 g9

.50 1275 42r 00 2679 .F72 2.035 0.0, 14o705/14389

.50 1275 415 00 259F .873 2.037 0.0. 470.5/11 399

.50 127r 413 00 271L4 .874 2.0140 0.0. 470.5/143j9

.50 1275 4oý/41g 00 2560 .975 2.042 oO. 470.5/114389

.50 1275 38 0o0 2622 .876 2.o44 0.0. 1o70.5/14389

.50 1275 387/402 00 2603 .876 2.044 0.0. 470.5/14399
.50 1275 394 00 2640 .976 2.049 0.0. 470.5/14389
*.30 1355 IL02 00 2547 .50L 2.049 0.0. 1470.5/114389
.30 1355 3E5 00 2149 .504 2.049 0.0. 470.5/11399
.50 12?5 3,7/ý141 00 2798 .990 2.054 0.0. L70.5/14339
.30 1355 3, 00 2454 .50C, 2.057 0.0. 470.5/143'•9
.30 1355 38/1401 00 2503 .506 2.057 0.0. IL70.5/143s9

• S • 0 0 * • * 0 0 S 0 •



Appendii B, TA3IE V (COWTID)

C1 m/d3  PHN e vL__ e e Data Source
>) 1355 397 00 247T .50( 2.057 0.0. L7O. 5 /14 389

.30 1355 415 00 2597 .506 2.057 0.0. 7o.5/1i4399

.30 1355 375/415 00 2654 .507 2.061 o.o. 470.5/14339
1275 1-15 00 2584 .887 2.070 0.0. 470.5/14399

o30 1355 7 41 00 2568 .510 2.073 0.0. 470ý5/14389
.30 1355 )"01/ l25 00 2615 .510 2.073 0.o. 470.5/4634

1 .30 1355 401 00 2656 .510 2,073 0.0. 470.5/4634
.30 1355 397/419 00 2652 .510 2o073 0.0. L 70.5/14389
.5o 1275 395/401 00 2519 .906 2.114 0.0. 470.5/1 4 399
.50 1275 Lis 00 2605 .909 2.119 0.0. 470.5/14399

* p



Appendix B, TABLE VI

Summary of Lethal Limits (VL) of Rolled Homogeneous Armor

Hpnrdness Grep.ter Than BHN 4Z5 Fired at 00 Obliouity

Cal. La) t 0 VL -eL Data Spurge

.50 1275 o44 0 12g6 .3o6 .714 o.o. 470.5/14399

.50 1275 444 O0 1335 .306 .714 0.0. )70. 5 /14 339

.50 1275 4(,1 00 1302 .308 .719 0.0, 470.5/143•9

.50 1275 41 0° 1299 .112 .728 0.0. 470.5/14Y,9
.•0 1275 429 00 1311 .314 .733 0.0. 470•5/14389

.50 1275 429 00 1275 .318 .742 O.0. 470.5/143l 9

.50 1275 444 00 1310 .328 .765 0.0. 470.5/14389
.30 1355 4144 00 1391 .19 .772 A.P.G. A6539

.50 1275 )LL 00 1189 .341 .796 ,0•. 470.5/14399

.V0 I139 hl /h9h 00 I1643 .20 .g13 A.P.G. A6097

.30 135r, 9 15/i: 00 1495 .20 .913 A.P.G. A6097

o70 •1355 lil/W.4 C0 "1534 .20 .g13 A.P.Go A64 142

S.0 13~5 h 5/1 00 1597 .•0 .813 A.P.G. A64/2

.•0 1275 L29 0 1378 .3F0 .gg7 0.0. 470.5/14399

.50 1i75 4 0° 1432 .30 .•87 0.0. 470.5/14389

".50 1275 4,1 0° 1375 .390 .910 0.0, -70.5/14Y 9
.50 1275 L15/444 00 1723 .494 1.153 0.0. 170.5/13S9

.50 1275 44)9 00 1655 .496 1.159 0.0. L7O.5/14 3 89

.'o 1-75 b'9 00 1744 .500 1.167 0.0. L70 5 /14 3 99

.50 1275 429 00 1780 .500 1.167 0.0. L70.5/1li3 899

1. ̀ 1275 041 o° 1755 .510 1.190 0.0. L70.5/1 l9

oJO 135F 4414 0° 1984 .306 1.244 0.0, 470.5/14.9

U0 135 2LL 00 19g5 .306 1.244 0.0. 1'70.5/14389
• o 13t' 14(l 00 1927 .;Og 1,252 0.0. 1170.5/44399
.3o 1355 4;i 00 193. .312 1.269 0.0. L70.5/1i4A9

O 131 -0  3 1930 All, 1.276 c.c. 470.5/11439
•20 1359 o° 1990 .1 1.293 0.0. 470.5/1L3•9

•4 00 196' .328 1.333 0.0. 470.5/iL3 89

W co T• C0 2030 .o 41 1.3F6 0.0. 11 70. 5/113"9

0o i•5• 9 0° 219? .330 1.545 (%0. j;70.5/1L139

.iO - 00 2,:(,7 .'3O 1.5L- 0.0, L70,5/91 9



pA-nendix B, TAALE V(

.355 44)4 P167 .90 1. 51.5 0.0. " 70. 5/14 3 89
130 I5 [15/Lk 0o 2(32 .L94 2.O08 0.0. 70.5/143e9

S3155 4p9 00 26S-ý .496 2.016 u.o. 47o.5/1439
l0 1355 42 00 2752 .500 2.033 0.0 D o.70 5/11L39

130 13T L29 0° 26ý,9 .500 2.033 0.0. 47o.5/143"9
.50 1275 4?9 00 25(S .8A0 2.051h 0.0. 470.5/1h 389* . C9 1'•7• 4 0 25• .• 2.072' 0.0. I47o .5/1I 9

00
50 -- L4  00 270? .510 O.T7' 0.0. 470.5/11s7 9

6

@0

C 
0

00



AD-nendix B, TA.B12 VII

!3um-,'wry of Limi. ts~t (VTh) of Rolled 7omogeneous Armor
* of

Hardn~ess Greater Than BBN 306 to 3'15 Fired at 300' Obliquity

CýýI. m/13 3N a VL e e/d Data-Source

'20Q 1,"75 332/3 :`0 30 20 32 .729 A.P.n. &~6179
.50 125 13 136 .313 .730 A.P.G. A5992

.5ý0 1275 340) 3Q0 1319 .315 .735 0.0. 470-5/1~4399

.50 1275 31 .30 1215 .316 .737 A.F.G. A6722

-,-o 1'355 ý4 300 1~459 .19 .772 A,.P.G~. A6538
.50) 12 Ti h 300 15U1 .333 .777 A.P.G. A0722

.50 1275 3)41 30' 1365 *534 .793 A.P.G. A6722

3Qo 1355 300 203 .26 1.057 A.P.Q. A6095

/ý31 I 18C ýp o p31 27 1.099 A.P.G. AF5379

95o 12 7 5 7ci/3; 3 30l0 250)7 -1-9  1.114, A.P.G. A6oi45
.9n I-'D 74 50 2;h2 1~ ±.12 A.P.G. A6095

.0 12 75 ml) ~ 32 9 .9019 1.199 0.0. )470.5/1243,ý

I0 127i f21 2ý90 .910 1.190 0.0. 470-5/14~399

-o~~3 7Qo 3 .713 1.272 A.P.G. A5992

o T 5  3L,0 ý0o) P299 .19 1.290 0.0. 0~0.r, i%,9

0



APPOmidX 3, TAB-'-- VIII

Summm ry of :'tpt 1 " Limito3 (VL) of Riolled llomoteneoni8 Armor

T7 rJ o F, Gr--trr Thor ?-N 7)-I to F• irpd at 5300 0bj1Pgity

3 __ 9 fID 0 VL _j~ Daflta Sur-e-

7( ?~~300 1V!:9 .302 .705 0.0. 470. 5 /1J43 F9

~~~97Rpc, ý7/2 0o 12 12 ,7~ A.P.(I. A63179

~' )7 t0 30 1:21? -i 7P9 A. P. . Aý179

%* 1 ~ K0 13 - Tý0 A.P.G. A5957

'10 7eg is'~z~ 3 j .77? A. F. G. k1,50~4

C 1( 1 P) -2 f- ~ 0  41 1 .73, A.P.C. A6,io4

0 c7K Ih3 7Q ý0o 11C1. .735 A.P.G. A67?2

i~ i75 1 - 1 -:9 .719 .7-4-2 A.P.G. A6722

~ r 7 ';/ j7 200o 1279 . ý19 7111j. P.. G. A(9 72C

Y0 i'~$ 31 00 11K ~o 7). A.?.G. A661',
i-0 :7,i 3 00/ '0 *a A.P.G. A1 73

*c 1ý .7ý- .37ý/3$ 13, 9 .,` - 71 *I' A.P.G. Aý179
14 '/5,~~O P7 ,3`10 .71-7 A.P.G. A "17F,

". 27-, ~7-Z 11 KO ;'2 .751 0.0,. A(7022/'3
1ýý~l 722A.PJ4. A6~2

T, T) ) 7F; A. P. A6722

*C' 1< 7j -ý( 1"141 -2( .761 C(*0. 1'70. 5/1h,,,7

-i.' 117', 0-0 .7 C J."(.U L-v/i0F

* ~ ' .7( 1i0. 70.5/114,*
jr / 'o , 1,j 9 .77" A.P. G. A( 701

I r,; r-/,j 30Z 2ZI290ýV -Cr .10 .77P AOP.';. 0(701

L~~~70.r/h3.
C). 0. -0.I

V 3 4 7f-I Z J U7 91c, A-F-,-777~
r;c LT;'* w r' .94 O.C 7C. 0ý! vq

12~' 3/ cr Zc' 1~ ~3w ~rj 0.0 Y~13



Ay,,ndjix R, TkALFVill

Cal. Md BHIN _ L~ e __ Dts Source

r,1~~ 13`0 - IO fics .3170 9", 0.0. )70.5/11*3ý9

3'0 1Th 3~ 00 1 7' 2170 9ýe3 oi;. -0. 5/14 399
.50 17 3147 3O0 1 i9 270 .96 A.P.G. A',09r,
.90 1-275 3 ý3/ 3,F 300  1714* 27 *.8(ý3 A.P. 3. A58F3
70 1.7' mvIý1/ 3 (iU 300 1901 W27 . 0.0. 1,70. 9/10 *19

I0 17i 140/391 .300 1S1O .72 7P 0.0. t170-5/147,99
. i0 K75 31 30 1712 .375 .,7 C.0 c -'ý70. 5 /1 43 C)9
.ý012T 30' 191k .3 .975 I. 0. iI70 *ý/ 1143 89

17> 5~5 -l~r 37t .977 C-0. 4*70.5/114399

1- 275 364*/375 300 1 ý1*4 .376 .977 0.0. 1470.5/14*399
.'0 22'~ 3h3 300 , 9 .379 88 0.0. 1;70.5/14*399

.50 12Th *Th 3Wc 1791 .379 .9g4* 0.0. "70. 5/1433ý9
.50 ~275 Ag0 300 1!;4 2 .j3F0 .?3S7 0.0. 'L70.5/11389

1., 7 )-0 . 1827 .38 SC H7 0. -0. '170-5/14ký9
0 0 1-71 175/ý -:,0 1780 .7-,FO 1897 0.0. 4*70-5/14-'79

3Q0 16gg .0 .88-97 0.U. "'70. 5/14569
~, )7',: /2 3 152 8 *7 A.P.G. A6236

37 100 3 1071 .39'x 89 0.0. -47o.5/143Z9

K i7, T ~~1535 .394 8996 0.0. lt705/14~3 99
1,'77, 34*'? 'ý 1ý-05 .3ý8 -.905 0.0. 2470.5/114399

.t; 7 7 r,/-7 3 0  1952 ,334 .919 0.0. 470.5/143g9
20 0r30 181.5 .992 A.P.G. A62499

t; -Z~ *x 1.016 A. P. G. A6592
f ("IP L .:251 1.020O A.F.G. A66o9

17 iZ- 17r/3) 2< -r5 -27 1.09F! A.P.'. 06715
'9;" 

71 1 *- ' ' .2 .17,9 I.P. G. A6715-

7R 7ji 7/7 -9 0 1 .1;- 1 (. . 14~70.9/141"9
S . - 7~~ ~ 49 ±ý -1.101 1-7.5/4J99C- 7 -: - .1t- O .C. c U-,

G I 
L'05/4P

* 0 0 0 0 0 0 .0496



App2endix B, TAB. E V II (GUNT'D)

C m/d3  Bm e VL 0 _.LLL Data Aource
'50 1275 3I0 300 2339 .499 1.162 0.0. 470.5/14389

.50 h•75 375/3q7 300 2345 •.49 1.162 0.0. 470.5/14389

.50 1275 375 30' 2449 .498 1.162 0.0. 4705/14389

.50 1275 367 30° '096 .50 1.167 0.0. 470.5/114389

.50 1275 34ý0/351 300 2394 .500 1.167 0.0. 470.5/14399

.50 1275 372 300 2271 .500 1.167 0.0. 470.5/14389
.50 1275 3L 300 2302 .500 1.167 0.0. 470.5/14389

.90 1275 3ý4 300 2479 .502 1.172 0.0. 470.5/14389
o0 1275 363/399 30 28 .502 1.172 o.o. .7o.05/1)4g9
.50 1275 175/197 300 2h23 .504 1.176 o.o. '470.5/1.4399
.50 1279 3Ul/ 375  300 21495 .504 1.176 o.o. 470.5/14399
.50 1275 1(3/388 370 2365 .5o4 1.17ý o.o. 1470.5/14339
.•0 1355 363/399 301 2V7 .29 1.179 A.P.G. A6617

°. 0 13r5 363/399 700 2104 .29 1.179 A.P.•. A6715
.30 1355 3W3/399 300 2362 .29 1.179 A.P.G. A6498
.0 1W35 375/399 300 22.3 .29 1.179 A.P.G. A649S
.50 1275 364 300 2276 .510 1.190 0.0. 470.5/4634
.50 1275 375/388 300 2365 .515 1.202 0.0. 1470•5/4634
.50 1275 393 300 21124 .518 1.209 o0.. 470.5/4634

.50 1275 375 300 2234 .52 1.214 A.P.G. A56%4g
.50 1275 379/399 300 21428 .520 1.214 A.P.G. A564s
.30 1355 375 300 51 .30 1.220 A.P.G. A6671
+.30 1355 375/399 30° 2651 .302 1.229 0.0. 470.5/1)4399
,20 1355 375/389 300 2531 .312 1.268 A.P.G. A6179
.30 1355 3(9 300 2361 .312 1.268 A.P.G. A6179

.30 1355 392 300 2615 .313 1.272 A.P.G. A5957

.30 1355 363/375 300 2237 .315 1.290 A.P.G. A6722

.%6 1355 353 300 2167 .318 1.293 A.P.G. A6722

.30 1355 375/387 300 2400 .319 1.297 A.P.G. A6722

.•0 1355 373/398 300 2319 .32 1.301 A.P.G. 6612

.30 135% 31.9 300 2177 .320 1.301 A.P.G. 6612

.3(- 1355 3"0/3-S 300 2'74 .320 1.301 A.P.G. A6178
0 o 3R 379/33 9 o° 2651 .20o 1.301 A.P.G. A6178

.10 1359 3(,/375 390 ?422 .320 1.301 A.P.G. A;173

20 139r 5 -3/31 l90 2070 .721 1.30 0.0. 1470.5/4•4J.

* * •



E ~ Arendix B, TABLE VIII (CONTID)"

CAl. m/d3  9_Y 0 a Data Source .0

.70 13$; 375 300 2358 .322 1,309 A.P.G. A67?2

.30 1355 352 300 2195 .325 1.321 A.P.G. A6722

.30 1359 35 300 201 3  .26 1,325 0.0. 470.5/14399

2.0o 1355 359 300 2262 .328 1.333 0.0. 470.5/14399 •

.30 1355 375 300 2149 .329 1.337 0.0. 470.5/14389

.30 1359 3(3/39S 300 2653 .317 1.370 o.o. 470.5/1'4399

.30 1355 375 300 2553 .353 1.435 0.0. 470.5/4489

.30 1355 363/375 300 2546 .360 1.436 o.o. 470.5/14399
4 .3 1355 3('3/375 300 25(4 .36 1.463 A.P.G. A6701 0

.30 1355 31;3/318 300 2594 .363 1,.1476 0.0. 470.5/14389

.0o 1355 350 300 2242 .370 1o504 o.o. 470.5/1ý399

.30 1355 361 300 2385 .370 1.504 o.o. 470.5/14389

.30 1355 3 L7 300 2339 .370 1.504 A.P.G. A6095

• 0o 1355 363/38F 300 2696 .37 1.504 A.P.G. A5883
.30 1355 351/364 30* 2546 .372 1.512 0.0. 470.5/14389

.30 1355 340/351 300 2393 .372 1.512 0.0. 470.5/14389

.30 1355 363 300 2666 .375 1.524 0.0. 470.5/14389
-C: .30 1355 3' 30 2624 .375 ..24 0.0. 470.5/14389

.30 1355 350 30° 2595 .376 1.528 o.0. 470.5/14389

.20 1355 364/375 300 2557 .376 1.529 0.0. 470.5/14389

.3o 1355 3643 300 2543 .378 1.537 0.0. 470.5/14389

.30 1355 Y'3 3Z0 2515 .379 1.531 0.0. 470.5/14389

230 1355 350 300 2512 .370 1.545 0.0. 470.5/14389

* 30 1355 353 300 2857 .390 1.5,15 0.0. 470.5/14389
.30 1755 375/38 300 2593 .380 1.545 0.0. 470.5/14389

.30 1351 356 300 2.425 .390 1.545 0.0. 470.5/144399

.30 1355 3W5/375 300 2515 .39 1.545 A.P. 1. A6236

.30 1355 354 300 2823 .382 1.553 0.0. 470.5/14389
o30 135. 364/375 300 2597 .382 1.553 0.0. 470.5/14389
20 1355 352/363 300 2379 .354 1.561 0.0. 470.5/1-3899
.30 1359 349 300 ?403 .38 1-.577 0.0. 470.5/14389
.30 1355 375/387 300 2619 .394 1.60? 0.0. 470.5/14399

.30 1355 363/399 30 2563 .396 1.610 0.0. 470.5/14389

w .

@ , V V V V S 5 0 0 0 • •



Api endix B, TAý3,.E IX

SummarZ of Lethal mirit• (VL)-of Rolled {omogeneolis Armor

of

Fvrdness Greater Tha~n .8N L5 to 425 Fired at 30 obliqLuty

%ri1. m/d3  BEIN e VL e P aaSac
.5o0 127 399/4O1 700 1230 .31 .723 A.P.G. A5957

S.-i 1L75 h02/hlS 7,0 1373 .110 .723 0,0. 470.5/14399

.,, )'75 •,''/LO1 `,0o 11109 .31 o721 .A.P.G•. A6177
S 12T5 h 9lO 100 1984 .310 .727 0.0. 7O.s5/IL3•9

o:c0 I27r 399/40O1 30 1270 .31 .724' A.'P. G. A6179

ý3_/ 140110,275 300 l302 U3 730 A.P.G. A5957
.e• iP 175 l4oi 300 13og 2313 °730 A.P.G. A59S2

30 1751- 53 40 1 30' 1379 .19 .732 A.P.G. A6346

or•O I?7"I 01/11 5  •0° 1795 .314 .733 0,0. O470.5/1h 3 89
hO0 1"27) kl 0° 174k: •,! ,7*• 0.0. 470. 5/l14T89

* .?$ ["175 01,l KD 1L0( .315 °7I5 A.P.G. A6722

" "0 4a,; 1']-q29 .3]g 74L2 0jo. L7o0./1l0g9
0 4 o.-., fu,- , lo / g. 7 ()( 1 :9, . 31 ,9 .7 ),7 o . o . 7 7, . / 1 43 95

o~o. :7o.5/14-ýB9
4: 1 /4 /15 30° 1719 .313 .742 0,(. i70.,)/14 3 89

I; 1'•7:- .0 .7 7 A.P.J. A,'179

1,7' 3`- /:01 -0O 1532 .3J0 .747 0.0. '-70. 5 /1 -3 S9
- 15 300 1(-23 .3," .751 c00. 470. 5 /1L3y9

ZOO
:• 1.71 :S/L2 o 1,: 7' 7 .7; 0.0. 1+7C.5//143F9

i iz7?1 .31`4 .756 A.P.O. A6722 P

1J 127k L.(;,,L19ig l.;7:, .325 .759 0.0. 470.5/143g9

.K j0135 7/: x0° 1307 .19 .772 A.P.G. A6'3ý

.•'0 13Y5 •7,!1 0 1307 .19 .772 A.P.G. A623-i5
S l%•l >'/h1 n 1,'10 19 .772 A.P.G AG' "4.

13F5 3'/V01 7n' 19769 .19 .772 A.P.G. A(3b40
V.•/1O1 3¢, 14I95 .19 .772 A.P.,. A65;0

7 0 1"5 -4./'0 0° 1 '1•§ .9 .7 2 A p~. r , giO

* ",TI6 L01 •0° lh .19 .77? A.P. -.. A590

I' r; 70 1•57 .19 .77- A.P.G. Aý59O

Y05 0 I -,7F1 00 1713 . .72 0 .7. 0, 0. /



Appendix B, TAM3L_ I (CONT'D)

Cal. m~ eg DAIA SO-4-
.30 1355 363/401 300 !499 .20 .813 A.P.G. A610O

270 1355 363/401 500 1J45h .?0 .813 A.P.G. A,6191
,30 1355 389/4O1 300 1422 .20 -913 A.P.G. A6182
o30 1355 415/415 30' 1925 .20 o813 A.PG. A6097
"30 1355 415/415 30' 1697 .20 .o13 A.P.G. A6097
o30 1355 415/415 300 1959 .20 .o13 A.P.G. A6097
.90 1275 01 300 1648 ,359 .o39 0.0. 470-5/14389
.50 1275 337 .00 1386 .36 .40 A.P.Go A6616
.50 1275 402 0 1958 °39 ,10 A.?, A6687

r50 12Th L02 30- 1561 .36 .940 AoPoG. AA687
o 0 1275 3i9/401 30 1697 .36 .8g0 A.P.G. A.6410
.50 1275 388/401 ý00 1790 .36 .o40 AoAP.G. A6o45
.50 1275 393/101 300 1F30 .370 .863 0.0a 470.5/14389
.,50 1275 401 300 194h , 37 o863 A.P.G. A6337
°50 1275 3F9/401 300 1926 .37 ý963 A.P.G. A6701
.550 1275 387 Z0O 1362 .37 .863 A.P. Go A6616
.50 1275 402 300 1791 ,37 .863 A.P.G. A6687
.50 1275 110O 300 2027 o37 .863 AoP.G. A6687
.50 1275 3!7/,18 3Q0 2202 .372 o863 0°0. 470.5/143y9

,50 1275 402/430 30 1712 .37)4 o873 0,0. 470.5/14339

°5C L27• ~37/402 300 '019 .376 .977 0o0o 47o.95/14349

"o50 1275 , /429 •,0 o o050 .377 .o80 0o.o, 470.r,/14433 9

S0 1275 b01/419 30 2098 .378 .832 0.0. 0;70.5/14389 8
.50 1275 387/418 30 0 1793 390 o8S7 oO. 470.5/14389

CV) 1275 h1 5  300 171L6 .3O .997 0.0, 470.5/1i389

.50 1275 3,44 300 1957 -39 .987 AoP.G. A•41

.5. 13 'g/4-ol 300 19 9 9 3g og7 A.P.G. A6227
o !{ 1275 l4g/419 3o0 i' 1 .038 . ,.7 AoPoG. A f(12

C0 l7 40o?1ilg 30 995 S°9 0.0. 470.9/ 1T389
,.10 1275 39,/419 300 17"4 ..896 0o0, 170.5/14339
.9C 1`275 415 3°0 2003 o33' .901 0o0. 1170.5/14339
ri.5 1275 3•3/I19 300 137" .3 .9l 0.0, I 70.5/319r 9ge0 0.0, 1709/' g"••

,O1, "7 5-, 300 1743 37." .905 o.047o.5/lay9
o.ic 127 P; F/4l1 ',() 1%97 .3ýg 9 (,5 rco. ,470or /1],3S9

•



T~ondixBTA3LE IX (oTz

CAIo VL e DL fata Soiarce(PIP]J.27 "-,o 7 J~ l APS A6553

2) ~,~ 25; 29..G A ~~ 6521

O0,0 )470-5/1' -49
1c';~'7V2 3CO IFPYý 2' 910 A.P.G. .A6:'79

77! Do(' C~. 17 ~ 3 c 9?.qC4 0ý0. 470-5/14 3 99
f1 C~ 17 C. 0.o 4 7 0 5 / 1)43 S,9

'KK30, 0 470ý /10f99
/' ' P2 2 -71 2 3 A.P0 G, A6~410

I AjP,G Ar6239

'2 ?'2 7! 7 1,9 A. P.G,, AC767
-~2 L''~ (C ' ? ~9',? A.11 G. A6499

J, A. P.G. 671 -

2 73 ý14 Ij31 0.0, )470-5/j1̀ 3 99

* A.P G. A6"39

237P .F.G A&O53
.1~~~~, " <; K 2'C u139 A~,? OG- A5959

-,' A. LGA5 
6

232 7~ 2Q A.7 IP. AIG, Ab090

* 2 1,137- A. PQ. A61 39

7C r,ý' 0,,0 4- L 0. 143 y9

717,

2000 43 0-5/1"3ý9

.0

4,70.~13
7* O*0 IO5/1L)99

j~-K

* 0 0 0 S S0 0 70 . 16 3 0-9



A ppndix B, TABLZ IX (CONT'D)

e e/d Data Source

-,o 1275 •1~ p0 25•2 .506 1.190 0.0. 1170.5/1634
.50 1275 401 300 2629 .510 1,190 0.0. 4705/14634

,,50 1275 387/418 300 2466 .510 1.190 0°0o 470.5/14389
50 1275 3o8/O15 30 2605 -52 1,214 A.PoG° A6612

,30 1355 398/)941 30o 2609 ,3Q 1.220 A.P.G,, A6639
,30 1355 38/I40i 300 2279 .30 1,220 A.P.oG. A6715
.. 330 13;h 402/418 300 2277 .310 1,26o 0oo0 470.5/14359
.•O 1355 3381401 300 2355 .31 1.260 A,PG. W177
"20.O 1355 7/0401 z' 2909 71 1,260 A.P.G. A6179
'0 1355 38I01 30 o 25•3 °313 1.272 AoP°&. A5957

,30 1355 030 2397 ,313 1.272 A.P.Go A5992
: 10 13"9 b4! 300 2L99 o314 1.276 0o0o 470o5/143g9
,Y) 1355 -1O1 300 2522 o315 1,280 A.P.G. A6722
.30 1355 4519 3C° 2607 .317 1,289 o.o, 47o.5/14389

30 1355 4O2/41F 300 2545 °319 1,293 0.0, 47 0, 5 /14 3 9•,, 135• ~ 401 300 2459 ,31g 1.293 0o0. 470.5/1)4389
30 ).35h L01/4l ý300 2635 .31P 1,293 0,0° 1To°5/1339

.• • 30 2355 LC1 300 251+5 .32 1.3o1 AP.G., •7S

..30 1395 383/4M1 300 2642 .320 1,301 0o0. 170.5/14389

.3o 1355 r Slv .70° 2311 o322 1,309 00. 4T70.5/14389

.3o 1355 330 2912 -324 1,317 AP.G. A6722
o 30 135m 3402/1401 300 2550 ,325 1.321 O.0. 470.5/14389

.°0 1355 3g7 3i0 2316 .36 1,363 A0P.G. 4A6616

.30 1355 302 300 2620 .36 1,463 A.P.G. A6687
.30 1355 402 300 2627 .36 1.463 A.P.Go A6617
.30 135) 34g/CO1 300 2514 .36 1.463 A.P.Go A66io
o30 1355 388/k402 300 2626 .36 1.463 A.PoG. A60645
,30 1355 301 300 2765 .37 1,50L A.P.G, A6334
.30 135ý5 338/+01 330 2790 °37 1.504 A6PoG. L6701

.30 1355 397 300 2523 .37 1,504 AoP.G° A,6616
4 iO 1355 402 300 2660 o37 1,504 AP.Go A6697

. C 1355 402 300 2599 .37 1.504 A.P.G. A6687
.30 135 3,77/419 30° 2961 .37? 1,51•2 0.0. 41o,5/143?9
,•o •354 1o'z3 oo ;n '.520 o~o. 47o.r,/14';-•

4 ,. 13; W7/4O2 330 2Fr3 0 .0.o 470.5/114369

* 0 0 5 S 0 S 0 S 0 0 0 0 0 0 S



""A •%,x B, TABLE IX (CONTDr)

!I1. 3L~ Bin;_ 6-&. _lid, _~Data Sotu e
2' -359 o01/l415 300 2761 .379 1.537 0.0. 470.5/14399

94 - 0 374k ig~ 1,A4 P.G. A,6o41
20 1301 330!lo01 2754 39 o 5'5 A.P.G. A6227

-a 20 ] T 3951/415 30 0 2718 .8 1o5*5 A.PoGo A6612

0.20 1357 b02/1-19 7o0 ?73,5 ,38 1o 5&i 0.0. 470. 5/1)4 3 99-: .0 135 7 ,/ 300 2800 ,394 1.561 0.00 470.9/14389
o0 13•5 415 310 2Sgi -3g6 1o569 0.0. 070.5/1)4389=c• IF) 4•3•/15 A;o 299q, -3,•6 1,5e,9 r'.o- 470.5/14389

o •0 I'�.�9 L02/h1) l0o 263 o3 1.r o77 0o0o 470.5/1).389..Z I •. r-)5 1-0 3- YF-514

S 1 3:7900 .°39 1i599 A.PoG. A6553
o 1 3 5 vlhiol 0 2g0g o9, 3 1 1585 AoPoG. A6521
•,c 0 3r-35  , 07/bo2 300 2632 X -39 1,555 A.(,, A667,

S1355 3F7/418 lo' 26•S 90 1o55 0o0. 470.5/114389

. 35 3;h/4OI 3Q0 2509 .396 1.610o o~o 4-70.5/14389
S2 i355 --1 o 2763 °396 io;lo 0.0. 470.5/1i4389

o .- .- 100 , 2859 °396 1.6io 000o 470,5/14389
-0 .0o 2,' 9 0O 1.626 00, i470.5/114 399

* 0,

* 5 0 S 050



Appendix E, TABLE X

Sunvrary of Leth~1 Liits (VL) of Rolled Homogeneous Armor

of

Hardness Greater Than BHN 1125 Fired at 100 Obliauity

Sm 3 BT 0 a _ e e/d Data Source
,50 1275 444 300 1862 .306 ,71L 0.0. 470o5/14389
50 1275 14414 1870 .306 ,711 0.0 470.5/143s9

.50 1275 461 10 G70 ,308 .719 0,0, 470.5/14389

.50 1275 IL61 300 1639 .312 .728 0 40 170o5/14389

.50 1275 429 300 1462 o314 0733 o0o0 470.5/14-3g9

.50 1275 429 300 1799 .319 .742 0o0. 470,5/14389

.50 1275 444 300 1763 .329 .765 0,0. 4T0.5/14389

D3 1355 441. 300 1970 .19 .772 A.PoG. A6539
5o 1275 144 300 1871 .3.4 .796 0o.o 470.5/14389

.30 1355 415/14144 300 2052 .20 .913 A.FoG, A6097

°30 1355 415/441 303 2066 .20 .913 A.PG. A6097
30 1355 1415/444 7oO 14g .20 51.3 APo.G, A6442

,30 1355 415/44 3°o 1905 .20 -813 APoGo A6442
.50 1275 429 30 2073 o39O ,997 Ooo 47,o5/114389
-50 1275 4L4 300 2202 o380 .o97 0oo, 14705/14389
-50 1275 4-44 3lo 2036 °390 .910 0,O 470.5/14389
".50 1275 415/4141 300 .2459 ,494 1,153 0.0. 470.5/14389
°50 1275 429 300 2320 .496 3159 0,0. 1470o5/14389
.50 1275 429 300 2839 .500 1,167 0o0o, 470.5/14389

,50 1275 429 300 2497 R500 1.167 0o0o. 470-511•4389
.50 1257r, 444 30' 2633 ,510 1.190 0o0o, 470.5/14389
°3c) 135 L41 00 289r4 1,244 0,0o 470.5/14389

.30 1355 444 300 2756 i306 1.244 0o,0. 470.5/14389
,30 1155 461 300 2539 o309 1,252 0,0, h70.5/14389

430 1355 161 300 2725 9 312 1.262 0o0. 470o5/143g9

.30 1355 429 300 2629 .314 1,276 0o00 470.5/14389

°0 355 429 300 25911 .319 1,293 0.0. 4705/143g9
°30 1355 444 300 2580 o329 1-333 0.0. 470,5/11439

.3 115 144 30L 2782 .341 ig6 0.0,, 470.5/14389
.30 1I55 L29 300 2801 o380 47505 0,0, 147.5/14389

°30 1355 444 305 2790 .350 1-545 0. 170.5/14389
.30 1355 414 300 2939 -390 1L585 0.0. 470-5/14389

* 0 0 0 0 0 0 0 0 0


